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FOREWOBD 


The research and development m>rk described herein was conducted by 
Thiokol Chemical Corporation under NASA Contract NAS3-10288. The work was 
done under the man^ement of the NASA Project Manager, Mr. J. J. Notardonato, 
NASA-I.ewis Research Center. 

This program was conducted at the Wasatch Division imder the management 
of Mr, E. L. Bennion with Mr. E. L. Gray as the project engineer. Principal 
investigators were Mr. J. R. Mathis and Mr. R. C. Laramee. Motor manufactur- 
ing was supervised by Mr. L. S. Jones. 

The program ftnal report consists of two volumes. Volume I contains the 
text and Volume H the illustrations and tables as referenced in the text. 



ABSTRACT 


The object of this program was to investigate and evaluate low cost materials 
and processes applicable to full §ized nozzles for 260 in. solid rockets. 

Over 20 materials were subjected to increasingly severe tests, consisting 
of mechanical, physical, and thermal properties and evaluation in nozzles of three 
different sizes, ranging in throat diameter from 0.34 to 8.1 inches. Resulting data 
were analyzed, and the better performing materials were employed in the design 
and performance prediction of four full sized nozzles for 260 in. solid rockets. 

Conclusions are that acceptable full sized nozzles can be fabricated at sub- 
stantially lower cost than those produced in the past. 
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TABLE 1 


VENDORS CONTACTED 

1. Armour Coated Products and Adhesives Co. 
Standard Insulation Division 

Saugus, California 

2. Coast Manufacturing and Supply Co, 
Livermore, California 

3. Hooker Chemical Corporation 
Durez Plastics Division 

Los Angeles, California 

4. Fiberite Corporation 
Orange, California 

5. Whittaker Corporation 
Narmco Materials Division 
Costa Mesa, California 

6 . Raybe stos- Manhattan , Inc . 

Manheim, Pennsylvania 

7. U.S. Polymeric, Inc. 

Santa Ana, California 

8. Ferro Corporation 
Cordo Division 
Culver City, California 

9. Johns- Manville Sales Corporation 
Aerospace Products Dept 

Los Angeles, California 

10. Minnesota Mining and Mfg Co. 

St. Paid, Minnesota 

11. IIT Research Institute 
Chicago, Illinois 


1 



TABU 2 


CANDIDATE NOZZU MATERIALS 


MECH. PROPERTIES POTENTIAL 

FAMILY DESIGNATION SUPPLIER MATERIAL DESCRIPTION AT75'F PROCESSING INFORMATION FIRING EXPERIENCE COSTAND AVAIL USE REMARKS 


LOW COST 
CARBONA- 
CEOUS 

LCCM-2610* 

THIOKOL 

GRAPHITE POWDER 
PHENOLIC, MOLDING 
COMPOUND 

GRAPHITE PARTICUS 75% 
SC-1008 RESIN 25% 

TENSIU 2.900 PS 1 
ELONGATION 0.23% 
COMPRESSIVE 12, 000 PSI 
DENSITY 1.7GM/CC 
COMP, MOD. 4.5 X HP PSI 
THERMAL COND, 

0.41 BTU/FT-HR*F 

COMPRESSION MOLD 
AT 1,000 PSI AND 300^ 

TU-379 MOTOR 
EXIT CONE 0. 14 mlls/sec 
THROAT 0,2 mils/sec 
ADAPTER mlls/sec 
2. CHAR MOTOR 
(Dc3.8) 

THROAT ■ 0 mlls/sec 
FWDEXIT CONE- 
(1 mlls/sec) 

0.54/LB 

DEV. MATERIAL 

EASILY 

PRODUCED 

THROAT 

INUT 

EXITCONE 

LOW MATERIALS COST 
WITH EXCEUENT 
EROSION RESISTANCE 

LOW COST 
CARBONA- 
CEOUS 

LCCM-4113* 

TH10K0L 

GRAPHITE PARTI CU- 
NBR PHENOLIC 
CASTING COMPOUND 
GRAPHITE PARTICUS 75% 
SC-1008 RESIN 12,5% 

HITC0158 12.5% 

TENSIU 440 PSI 
ELONGATION 5.2% 
COMPRESSIVE, ULT. 

130 PSI 

MODULUS 6.7 X 103 PSI 
DENSITY 1.3 GM/CC 
THERMAL COND. 
0.66BTU/FT.-HR.'“F 

TROWEL AND CURE 
AT 15 PSI AND 170 op 

1. TU-379 MOTOR 
ADAPTER 3.9 mlls/sec 

2. CHAR MOTOR 
1 NUT *3 mils/sec 
BACKUP-OK 

0.50/LB 

DEV. MATERIAL 
EASILY PRODUCED 

BACKUP 
INUT CAP 

LOW MATERIAL COST 
RELATIVELY FUXIBU 
EXTENSIVE CURING 
FACILITIES NOT REQ'D 

LOW COST 
CARBONA- 
CEOUS 

LCCM-4120* 

THIOKOE 

GRAPHITE PARTICU- 
PHENOLIC CASTING OR 
MOLDING COMPOUND 
GRAPHITE PARTICUS 75% 
DUREZ 10694 25% 

RESIN 

TENSIU 2,300 PSI 
ELONGATION 0 15% 
COMPRESSIVE, ULT. 
8,200 PSI 

MODULUS 4,6 X HP 
DENSITY 1.6 GM/CC 
THERMAL COND. 

0 89 BTU/F. -HR. *F 

CAST AND CURE AT 15 PSI 
AND 170°F 

1, TU-379 MOTOR 
THROAT 0.6 mils/sec 
EXITCONE 0.2 mlls/sec 

2. CHAR MOTOR 
BACKUP-OK 

AFT EXIT -0.5 mils/sec 
EXIT CONE -1.5 mlls/sec 

0.50/LB 

DEV. AAATERIAL 
EASILY PRODUCED 

THROAT 

EXITCONE 

INUT 

LOW /MTERIAL COST 
CURING FACILITIES 
NOT REQ’D. 
POTENTIALLY A 
GOOD THROAT 
MATERIAL 

LOW COST 
CARBONA- 
CEOUS 

LCCM-IReInforcedI* 

THIOKOL 

GRAPHITE PARTICU- 
PHENOLIC+ASBESTOS, 
GLASS, RAYON, OR 
CARBON FIBERS 




1.00-10.00/LB 
EASILY PRODUCED 
OFF-THE-SHEU 
RAW lAATERIALS 


RELATIVELY LOW 
MATERIALS COST 
WITH IMPROVED 
MECH. PROPERTIES. 
HANDLING AND 
CURING CHARACTER- 
ISTICS RELATIVELY 
SIMPLE. 

LOW COST 
CARBONA- 
CEOUS 

LCCM- 

(Mlcroballoon) 

THIOKOL 

GRAPHITE PARTICU- 
PHENOLIC+GLASS, SILICA 
OR PHENOLIC 
MICROBALLOONS 




0.75-1.50/LB 
EASILY PRODUCED 
OFF-THE-SHELF 
RAW IMTERIALS 


LOW COST, 
LOW DENSITY 

LOWCOST 

CARBONA- 

CEOUS 

D-1 

ATLANTIC 

RESEARCH 

CORP. 

COKE FILUD-ACID 
CATALYZED FURFURYL 
ALCOHOL CASTING COMP. 
UNGROUND COKE 49. 2% 

COMPRESSIVE, ULT. 
10,000 PSI 


AFRPL MOTORS -PER- 
FORMED ADEQUATELY 
(REPORT NO. AFRPL- 
TR-66-llri 

UNKNOWN 

BACKUP 

POTENTIALLY A GOOD 
BACKUP MATERIAL. 
LONG, SLOW CURE 
REQ’D. 


GROUND COKE 16.4% 
PETROUUM COKE 16.4% 
BINDER 18% 


•MATERIALS RECOMMENDED FOR USE IN EVALUATION PHASE OF PROGRAM 



TABLE 2. -Continued 


CANDI DATE NOZZLE MATER lALS 

FAMILY DESIGNATION SUPPLIER MATERIAL DESCRIPTION AT 75°F PROCESSING INFORMATION FIRING EXPERIENCE COST AND AVAIL 


LOW COST SP'8050* 
CARBON 

CLOTH SP -8050-2 

BINDER 


ARMOUR CARBON CLOTH- PHENOLIC 

COATED (-2 IS DOUBLE THICKNESS) 

PRODUCTS EVERCOAT EC-201 33% 


COMPRESSIVE, ULT. 

3d, 500 PS i 
MOD. 2.4 X# PS! 
TENSILE, ULT. 9,100PSI 
MOD. 2.5X10^ PSI 
SPECIFIC GRAVITY 1.47 


TAPE WRAP AND HYDRO- 
CLAVE CURE ATSES-’EAND 
250+PSl 


NOMAD NOZZLE PRO- 
GRAM-AFTER 1st 
SEVEN FIRINGS, 
SP-8050 RECOMMEND- 
ED FOR THROAT 
EXTENSION (FWO 
EXIT CONE) 

EROSION- 1.7 mlls/sec 
CHAR • 6.8 mils/sec 


17.00-18.50/LB 

COMMERCIALLY 

AVAILABLE 


POTENTIAL 

USE REMARKS 


FWD EXIT A GOOD PERFORMER 

CONE OR AT'REIATIVELY LOW 

THROAT COST 
EXTENSION 
THROAT 


LOW COST 
CARBON 
CLOTH 
BINDER 

4C-1031 

COAST MFG CARBON CLOTH-PHENOLIC 
AND SUPPLY RESIN 33% 

CO. REINFORCEMENT 57-61% 

FILLER 6-10% 

SPECIFIC GRAVITY 
1.455 SPECIFIC HEAT 
0.2406 AT100“C 
0.2622 AT 200»C 
TENSILE, ULT. 

18.000 PSI , 

MOD. 2.3X10®PS1 
COMPRESSIVE, ULT. 

38.000 PSI 

TAPE WRAP AND AUTO- 
CLAVE CURE AT 325“F 
AND 200 PSI 

NOMAD NOZZLE PRO- 
GRAM-RECOMMENDED 
FOR ENTRANCE CAP 
OR THROAT INICT 
EROSION -7.1 mils/sec 
CHAR -7.9 mlls/sec 

20 50/LB 

COIWWERCIALLY 

AVAILABLE 

LOW COST 
CARBON 
CLOTH 
BINDER 

FM-5059 

U.S. CARBON CLOTH-PHENOLIC 

POLYMERIC 

COMPRESSIVE, ULT. 
28,000 PSI 
MOD. 2.3 X IIP PSI 
TENSILE, ULT. 

3,700 PS! 

MOD. 1.57X10^ PSI 
SPECIFIC GRAVITY 1.48 
SPECIFIC HEAT- 
0.2935 ATIOO'C 
0 3276AT20O'’C 

DIE MOLD AT325"F AND 
500 PSI ADAPTABLE TO 
HYDROCLAVE 

NOMAD NOZZIE PRO- 
GRAM-RECOMMENDED 
FOR ENTRANCE CAP 
EROSION -3. 7 mlls/sec 
CHAR- 7.9 mils/sec 

17.12/LB 

COMMERCIALLY 

AVAILABII 

LOW COST 
CARBON 
CLOTH 
BINDER 

WB-8217* 

FERRO CORP. CARBON CLOTH -PHENOLIC 
CORDO DIV. 

COMPRESSIVE, ULT. 
27,000 PSI 
MOD. 1.99X106 PSI 
TENSILE, ULT. 

7,700 PS! 

MOD. 1.99X#PSI 
SPECIFIC GRAVITY 1.41 
SPECIFIC HEAT: 

0.2222 AT 100“C 
0 2472 AT 200“C 

TAPE WRAP AND HYDRO- 
CLAVE CURE AT 300"F AND 
250 PSI 

NOMAD NOZZLE PRO- 
GRAM-RECOMMENDED 
FOR THROAT 
THROAT: 

EROSION -6.4 mlls/sec 
CHAR- 7.6 mils/sec 
INLET: 

EROSION *10.2 mils/sec 
CHAR -5.5 mils/sec 

20. 97/LB 

CO/AMERCIALLY 

AVAILABLE 

LOW COST 
CARBON 
CLOTH 
BINDER 

MXC-193* 

FIBERITE CARBON CLOTH-EPOXY 

CORP. NOVOLAC 


TAPE WRAP-VACUUM BAG 
CURE 

NO FIRING EXPER. 

21.5LVLB 
NEWIWATERIAL 
NO PRODUCTION 
PROBLEMS 
FORESEEN 


ENTRANCE 
CAP OR INLET 


ENTRANCE REQUIRES RELATIVELY 

CAP HIGH PRESSURE CURE 


THROAT OR 
INLET 


THROAT OR VERY LOW PRESSURE 
INLET CURING SYSTEM 
REQUIRING ONLY 
VACCUM BAG AND 
OVEN, HAS GOOD 
POTENTIAL 


LOW COST MXC-1600 

FIBERITE 

CARBON CLOTH-PHENOLIC 

CARBON 

CORP. 

{DOUBLE THICKNESS 

CLOTH 


FABRIC) 

BINDER 




TAPE WRAP 


NO FIRING EXPER. 17.50/LB 

NEW MATERIAL 


ENTRANCE DOUBLE THICKNESS 
CAP, INLET TAPE RESULTING IN 
THROAT LOW FAB. TIME. 



TABLE 2. -Continued 


CANDIDATE NOZZLE MATERIALS 


FAMILY 

DESIGNATION 

SUPPLIER 

MATERIAL DESCRIPTION 

MECH. PROPERTIES 
AT 75*F 

PROCESSING INFORMATION 

FIRING EXPERIENCE 

COST AND AVAIL. 

POTENTIAL 

USE 

REIWARKS 

LOW COST 
CARBONA- 
CEOUS 

D-13 

ATLANTIC 

RESEARCH 

CORP. 

COKE FILLED-ACID CATA- 
LYZED FURFURYL- ALCOHOL 
CASTING COMPOUND 
UNGROUND COKE 49.8% 
GROUND COKE 16.6% 
PETROLEUM COKE 16.6% 
BINDER 17.0% 



AFRPL MOTORS - IN 
CONCLUSIVE RESULTS 

UNKNOWN 

INLET 

MAY REQUIRE 
ADDITIONAL 
DEVELOPMENTS 

FIBER 

PAPER 

PHENOLIC 

MXC-U3* 

{MXC-313) 

FIBERITE 

CORP. 

CARBON FIBER PAPER 
PHENOLIC 

COMPRESSIVE, ULT. 
10,600 PS 1 

TENSILE, ULT, 7.900 PS 1 
MOD. 0.94X10PPSI 
ELONGATION 0.96% 
FLEXURAL, ULT. 

12,400 PS 1 

SPECIFIC GRAVITY 1.05 

TAPE WRAP AND CURE IN 
HYDROCLAVE OR AUTO- 
CLAVE AS LOW AS 25 PSI. 
DENSITY CONTROLLED BY 
TAPE TENSION, HEAD 
PRESSURE AND CURE 
PRESSURE 

NOMAD NOZZLE NO. 4- 14.50 /LB 

ENTRANCE CAP-AC- COMMERCIALLY 

CEPTABIE PERFORM- AVAILABLE 

ANCE-8 7 mlis/$ec 

TU-379 1.4 mils/sec 

NOMAD NO. 1,3.4 mlls/sec 

NOMAD NO. 6,13 mils/$ec 

BACKUP 
FWD EXIT 
CONE INLET 

LOWER COST, LOWER 
DENSITY, LOWER 
FAB COSTS. DENSITY 
MAY BE VARIED SOMEWHAT. 
SOME DEV. OF FAB. 
TECHNIQUES REQ'D. GOOD 
POTENTIAL 

FIBER 

PAPER 

PHENOLIC 

MXS-113* 

(MXS-313) 

FIBERITE 

CORP. 

SILICA FIBER PAPER 
PHENOLIC 


SAME AS FOR MXC-113 


4. 75 /LB 

COMMERCIALLY 

AVAILABLE 

BACKUP 
AFT EXIT 
CONE 

SAME AS FOR MXC-113 

FIBER 

PAPER 

PHENOLIC 

MXA-113* 

(MXA-313) 

FIBERITE 

CORP. 

ASBESTOS FIBER PAPER 
PHENOLIC 


SAME AS FOR MXC-113 


1.80/LB 

COMMERCIALLY 

AVAILABLE 

BACKUP 
AFT EXIT 
CONE 

SAME AS FOR MXC-113 

FIBER 

PAPER 

PHENOLIC 

MXCS-313 

FIBERITE 

CORP. 

CARBON-SILICA FIBER 
PAPER PHENOLIC 


SAME AS FOR MXC-113 


9.75/LB 

COMMERCIALLY 

AVAILABLE 

EXIT CONE 

SAME AS FOR MXC-113. 
INTENDED TO BE USED IN TRAN- 
SITION AREA FROM 
HIGH EROSION 
«rtXC-113) TO LOW EROSION 
(MXS-1131 AREAS OF EXIT 
CONE. COST SAVINGS WOULD 
RESULT. 

FIBER 

PAPER 

PHENOLIC 

MXSA-313 

FIBERITE 

CORP. 

SILICA 'ASBESTOS FIBER 
PAPER PHENOLIC 


SAME AS FOR MXC-113 


3.25/LB 

COMMERCIALLY 

AVAILABLE 

EXIT CONE 

SAME AS FOR MXC-113. 
INTENDED TO BE USED IN TRAN- 
SITION AREA FROM MEDIUM 
EROSION tMXS-1131 TO LOW 


EROSION <MSA-113) AREAS OF 
EXIT CONE. COST SAVINGS 
WOULD RESULT ENTIRE 
113 AND 313 SERIES FEATURE 
'TAPERED DENSITY" CAPABIL- 
ITY IN EXIT CONE. 



TABLE 2. -Continued 


FAMILY DESIGNATION SUPPLIER MATERIAL DESCRIPTION 


LOW COST FM-5511 U.S. CARBON CLOTH-PHENOLIC 

CARBON POLYMERIC 

CLOTH 

BINDER 


LOW COST 4C-1831 COAST MFG. CARBON CLOTH-PHENOLIC 
CARBON and supply (DOUBLE THICKNESS 

CLOTH FABRIC) 

binder resin 33% 

REINFORCEMENT 57-61% 
FILLER 6-10% 


LOW COST 40-1686* 

CARBON 

CLOTH 

BINDER 


COAST MFG. CARBON CLOTH-POLY- 
AND SUPPLY PHENYLENE 

RESIN 33% 
REINFORCEMENT 57-61% 
FILLER 6-10% 


LOW COST FM-5072 LD* U-S. CARBON CLOTH-PHENOLIC 

carbon POLYMERIC (with Silica Microballoonsl 

CLOTH 
BINDER 


LOW COST 4037 
CARBON 
CLOTH 
BINDER 


NARMCO CARBON CLOTH-PHENOLIC 
RESIN (NARMCO 506) 
REINFORCEMENT 
FILLER 8% 


CANDI DATE NOZZLE MATERIALS 


MECH, PROPERTIES 
AT 75" F 

PROCESSING INFORMATION 

FIRING EXPERIENCE 

COST AND AVAIL. 

POTENTIAL 

USE 

RE/VIARKS 

TENSILE, ULT. 

14.000 PS 1 ^ 

MOD. 1.9X#PSI 
COMPRESSIVE, ULT. 

18.000 PSl . 

MOD. 1.5X10“ PSl 
FLEXURAL, ULT. 

23,500 PSl , 

MOD. 1.6X10“ PSl 
SPECIFIC GRAVITY, 1.51 

TAPE WRAP AND CURE AT 
325"FAND 1,000 PSl 

NO FIRING EXPER. 

20.00/LB 

COMMERCIALLY 

AVAILABLE 

INLET, FWD 
EXIT CONE, 
THROAT 
EXTENSION 


TENSILE, ULT. 

22, 500 PSl 
MOD. 1.7X10“ PSl 
COMPRESSIVE, ULT. 

31,000 PS! 

SPECIFIC GRAVITY, 1.35 
SPECIFIC HEAT. 

0.3384 AT 200"C 
THERMAL DiFFUSIVITY- 
0.0038 ATR.T. 

0.0048AT 100"CAND 200“C 

TAPE WRAP AND CURE AT 
350'FAND 250 PSl 

NOMAD NOZZLE NO. 4 
THROAT EXTENSION 
EROSION- 5.3 mils/sec 
CHAR- 2.9 mlls/sec 

20.50/LB 

COMMERCIALLY 

AVAILABLE 

INLET, FWD 
EXIT CONE, 
THROAT 
EXTENSION 

DOUBLE THICKNESS 
FABRIC PROVIDES 
DECREASED WRAP 
TIME 

TENSILE, ULT. 

25.000 PSl 

MOD. 2.5 X# PSl 
COMPRESSIVE, ULT. 

30.000 PSl 

SPECIFIC GRAVITY, 1.40 

TAPE WRAP AND CURE AT 
350'FAND 250 PSl 

NOMAD NOZZLE NO. 11- 
THROAT 

20.60/LB 

COMMERCIALLY 

AVAILABLE 

INLET, FWD 

EXIT CONE, 

THROAT, 

THROAT 

EXTENSION, 

CAP 

POTENTIAL IMPROVE- 
MENT IN PERFOR- 
MANCE THROUGH 
SUPERIOR CHAR 
CHARACTERISTICS 
OF POLYPHENYLENE 
SYSTEM. 

COMPRESSIVE, ULT. 
16,400 PSl 
MOD. 1.39X10° PSl 
TENSILE, ULT. 

7,800 PSl 

MOD. 1.96X10“ PSl 
SPECIFIC GRAVITY, 1.31 
SPECIFIC HEAT, 

0.2279 

THERMAL DIFFUSIVITY 

ATR.T.- 

0.0026 cm^/sec 

TAPE WRAP AND CURE AT 
300-FAND200PSI MAX 

NOMAD NOZZLE NO 3 
(THROAT EXTENSION) 
EROSION • 2 mils/sec 
CHAR -5. 7 mlls/sec 
NOMAD NOZZLE NO. 6 
(INLET) 

EROSION -14.5 mlls/sec 
CHAR -4.8 mils/sec 

23.25/LB 

COMMERCIALLY 

AVAILABLE 

THROAT, 

THROAT 

EXTENSION 

ENTRANCE 

CAP 


COMPRESSIVE, ULT. 

32.000 PSl 
TENSILE, ULT. 

17. 000 PSl 
FLEXURE, ULT. 

30.000 PSl 

MOD. 2,5X10“ PSl 
SPECIFIC HEAT, 0.25 
SPECIFIC GRAVITY, 1.48 

TAPE WRAP AND CURE AT 
300'‘-350“F AND 200- 
1,000 PSl 

NO FIRING EXPERIENCE 


INI£T, 

THROAT, 

THROAT 

EXTENSION 

AVAILABLE IN SINGLE 
OR DOUBLE THICKNESS 
TAPE 



TABLE 2, -Continued 


, CANDI DATE NOZZLE MATERIALS 


MECH, PROPERTIES POTENTIAL 

FAMILY PES1CNATION SUPPLIER MATERIAL DESCRIPTION AT75-F PROCESSING INFORMATION FIRING EXPERIENCE COSTAND AVAIL USE REMARKS 


LOW COST 
SILICA 
CLOTH 
BINDER 


MX-2#00-96 


FI BERITE SILICA CLOTH-PHENOLIC 

CORP. (DOUBIE THICKNESS 

FABRIC) 


SPECIFIC HEAT 
0.2181 AT 100''C 
0,2838 AT 200"C , 

DENSITY. 1 60G/CM^ 


TAPE WRAP AND HYDRO- NOMAD NOZZLES NO 2, 5.2(VLB 
CLAVE CORE AT 325"F AT 3, 6, USED AS THROAT COMMERC I ALLY 
1,000 PSI OVERWRAP. NO COM- 'AVAIIABIE 

MENIS MADE ON PER- 
FORMANCE, ASSUMED TO 
BE GOOD 


AFT EXIT double THICK- 

CONE, NESS TAPE PRO- 
BACKUP VI DES DECREASED 

FAB. TIME. 


LOW COST MXS-198* FI BERITE SILICA CLOTH-EPOXY 

SILICA CORP. NOVOLAC 

CLOTH 

BINDER 


TAPE WRAP AND OVEN NO FIRING EXPER. 
CURE AT 15 PSI 


6. 10/LB NEW MATERIAL AFT EXIT Will. CURE IN 
NO PRODUCTION CONE OVEN UNDER 
P ROBLEMS ANTI Cl P ATED VACUUM BAG 

PRESSURE-VERY 
LOW COST PROC- 
ESS 


LOW COST SP-8030-96* ARMOUR 

SILICA 

CLOTH 

BINDER 


SILICA CLOTH-PHENOLIC 
(DOUBLE THICKNESS 
FABRIC) 

SINGLE THICKNESS 
FABRIC 


TAPE WRAP AND CURE AT 
300“FAND225 PSI 


COMPRESSIVE, ULT. 

22. 000 PSI 

MOD. 2.61X10* PSI 
TENSILE ULT. 

10.000 PSI . 

MOD. 2.48X10® PSI 
SPECIFIC GRAVITY 1 70 


NOMAD NOZZIE PRO- 4. 75/LB 

GRAM NOZZLE NO. 1 COMMERCIAUV 

THROAT AP PROACH AVAI LABIE 

EROSION 6.4 mtls/sec 

CHAR 3.5 mlls/sec 

NOZZLE NO. 2, THROAT 

APPROACH 

EROS ION 4. 8 mils/sec 

CHAR5.4mlls/sec 

NOZZLE NO. 4-EXIT 

EXTENSION (SP -8030- 

48) 

EROSION5.7n)lls/sec 
CHAR 2.4 mils/sec 


AFT EXIT LOWER RAW 

CONE, MATERIAL 

THROAT COST DOUBLE 

APPROACH THICKNESS TAPE 

PROVIDES 
DECREASED FABRI- 
CATIONTIME 


LOW COST FM-5504LD U.S. SILICA CLOTH-PHENOLIC 

SILICA POLYMERIC WITH MICROBALLOONS 

CLOTH ADDED 

BINDER 


SPECIFIC GRAVITY. 1.00 TAPE WRAP AND CURE AT 
TENS 1 1£, ULT. SOO^F AND 200 P S I MAX 

5,500 PSI 

MOD. LISKIO^PSI 
COMPRESSIVE, ULT. 

18.000 PSI . 

MOO. 1.15 XlOP PSI 
FIfXURAL, ULT 

9.000 PSI 

MOD. 1 12X10* PSI 


'SPECIFIC GRAVITY 
/WAY BE VARIED 
FROM 0.80 -1.20 


LOW COST 
SILICA 
CLOTH 
BINDER 


4S-5132 


‘COAST MFG" SdICA CLOTH-PHENOLIC 
AND SUPPLY (DOUBIE THICKNESS 
FABRIC) 

RESIN 

REINFORCEMENT 

FIUER 


TENSILE, ULT. TAPEV/RAP AND CURE AT 

15.000 PSI . 300'FAND250PSI 

MOD. 2.2X10" PSI 

COMPRESSIVE, ULT. 

20.000 PSI 

SPECIFIC GRAVITY, 1.70 


5.10/LB 

COM/WERCIAaY 

AVAILABIE 


AFT EXIT DOUBLE THICK- 

CONE, NESS 

BACKUP TAPE PROVIDES 

THROAT DECREASED 

APPROACH FABRICATION 

TIIWE 


LOW COST 
SILICA 
CLOTH 
BINDER 


4S-5186* 


COAST MFC. S I LICA CLOTH-POLYPHENYL- TENS 1 IE. ULT. TAPE WRAP 

AND SUPPLY ENE (DOUBIE THICKNESS 16,000 PSI 

FABRIC) MOD. 2.7X10<>PSI 

COMPRESSIVE, ULT. 

20,000 PSI 

SPECIFIC'GRAVITY, 1 70 


5.25/LB 

COMMERCIALLY 

AVAILABIE 


AFT EXIT POTENTIAL 

CONE IMPROVED PER- 

FORMANCE 
THROUGH SUPERI- 
OR CHAR CHARAC- 
TERISTICS OF 
POLYPHENYLENE 
SYSTEM 


LOW COST 4065* NARMCO SILICA CLOTK-NBR PHE- COMPRESSIVE, ULT. TAPE WRAP AND CORE AT 

SILICA NOLIC (WITH ORGANIC 2, 100 PSI 325°FAND15PSI 

CLOTH SPHERES) • TENSIIE, ULT. 

BINDER 2,000 PSI 

FLEXURE, ULT. 

5, 100 PSI 

SPECIFIC GRAVITY, 0.65 
SPECIFIC HEAT, 0 30 


COMMERCIALLY BACKUP LIGHTWEIGHT 
AVAILABIE MATERIAL REQUIR 

ING ONLY VACUUM 
BAG CORE 



TAPLE2. -Continued 


CANDI PATE NOZZLE MATERIALS 


FAMILY 

DESIGNATION 

SUPPLIER MATERIAL DESCRIPTION 

MECH. PROPERTIES 
AT 7S“F 

PROCESSING INFORMATION 

FIRING EXPERIENCE 

COSTANDAVAIL. 

POTCNTIAL 

USE 

REMARKS 

ASBESTOS 

BINDER 

MXA-6012* 

FIBERITE ASBESTOS -PHENOLIC 

CORP. (CROCIDOLITE) 

COMPRESSIVE, ULT. 

22.000 PSI , 

MOD. 1.1X10° PSI 
TENSILE, ULT. 

10.000 PSI , 

MOD. 1.59X10° PSI 
SPECIFIC GRAVITY, 1.60 
SPECIFIC HEAT 

0.2181 AT lOO'C 
0 2838 AT EDO’C 
THERMAL DiFFUSIVlTY- 
0 0013 AT 100"C AT 200*C 

TAPE WRAP -CURE AT 30Q’F 
AND 225 PSI 

NOMAD NOZZLE PRO- 
GRAM-NOZZLE NO. 1 
THROAT OVERWRAP 
-NO PERFORMANCE 
DATA NOZZLE NO. 2- 
EXITEXTENSION 
EROSION, 6.2mlls/sec 
CHAR, 1.7mils(sec 
NOZZLES NO. 3 AND 4- 
THROAT APPROACH 
EROSION, 5.1 AND 5.7 
mlls/sec 

CHAR, 3 AND 2.1 mils/sec 

1,85/LB 

COMMERCIALLY 

AVAIUBLE 

EXIT CONE, 
OVERWRAP, 
INLET, 
APPROACH 

RELATIVELY THICK 
TAPE (0.014-0 015) 
ALLOWS FOR LOWER 
WRAP TIME 

ASBESTOS 

BINDER 

MXA-198 

FI BERITE ASBESTOS FABRIC-EPOXY 

CORP. NOVOLAC 


TAPE WRAP AND CURE 
UNDER VACUUM BAG IN 
OVEN 

NO FIRING EXPERIENCE 

2.00/LB NEW 
MATERIAL, NO 
PRODUCTION PRO- 
BLEMS ANTICIPATED 

AFT EXIT 
CONE, OVER- 
WRAP, 
THROAT 
APPROACH 

VERY LOW COST 
■FACILITIES REQ'D 
VACUUM BAG AND 
OVEN 

ASBESTOS 

BINDER 

WBC-7201 

CORDODIV. ASBESTOS-PHENOLIC 
FERRO CORP. (WITH SILICA MICRO- 
BALLOONS) 





AFT EXIT 

CONE, 

OVERWRAP 


ASBESTOS 

BINDER 

FM-5525 

U.S. ASBESTOS -PHENOLIC 

POLYMERIC (CROCIDOLITE) 

COMPRESSIVE, ULT. 

7.000 PSI , 

MOD. 1.55X10° PSI 
TENSILE, ULL 

16.000 PSI 

MOO 2.88X10° PSI 
SPECIFIC GRAVITY, 1.68 
SPECIFIC HEAT: 

0.2163 AT lOOX 
0.2533 AT 200“C 

TAPE WRAP-CURE AT300»F 
AND 230 PSI 

NOMAD NOZZLE PRO- 2.00/LB 

GRA/VL-SATI SFACTORY COMMERC 1 ALLY 

PERFORMANCE AVAILABLE 

NOZZLE NO. 3-EXlT EXTEN- 
SION 

EROSION, 6.6mlis/sec 
CHAR, 1.5 mils/sec 
NOZZLE NO. 4, THROAT 
OVERWRAP NO DATA 
REPORTED 

AFT EXIT 

CONE, 

OVERWRAP 


ASBESTOS 

BINDER 

/JA-63B5* 

COAST MFC. ASBESTOS-POLYPHENYLENE 
AND SUPPLY (with Ceramic Mlcrotalloons) 
RESIN 50% 

REINFORCEMENT 50%, 

COMPRESSIVE, ULT. 
23,000 PSI 
TENSILE, ULT. 

6,400 PSI , 

MOD. 1.06X10°PS1 
ELONGATION, 0.8% 
FLEXURAL, ULT. 

17,800 PSI 

SPECIFIC GRAVITY, 1.40 

TAPE WRAP -CURE AT325“F 
AND 25 PSI 

TU-379, RESULTS 
INCONCLUSIVE 

3.50/LB 

COMMERCIALLY 

AVAILABLE 

AFT EXIT 

cone; 

OVERWRAP 


ASBESTOS 

BINDER 

ASBESTOS 

BINDER 

22- RPD 

23- RPD* 

RAYBESTOS CHRYSOTIIE A5BESTOS- 
MANHATTAN PHENOLIC (with Ceramic 
Filler) 

TENSILE, ULT. 

13,200 PSI , 

MOD. 2.15X10° PS! 
FLEXURE, ULT. 

15,700 PSI' , 

MOD. 1.78X10° PSI 
COMPRESSION, ULT. 
6,800 PSI 

MOO. 1.28X10°PSI 
SPECIFIC GRAVITY, 1.11 

TAPE WRAP AND CURE AT 
300’FAND SO PSI 


4.25/LB 

COMh^RCIALLY 

AVAILABLE 

BACKUP 


ASBESTOS 

BINDER 

MICROBESTOS DS 
-PHENOLIC 

JOHNS- CHRYSOTILEASBESTOS- 

MANVILLE PHENOLIC (With Cork 
ASBESTOS- (Filler) 


TAPE WRAP AND CURE AT 
300’FAND 50PSI 

NO FIRING EXPERIENCE 

4 25/LB 

COIMMERCIALLY 

AVAILABLE 

BACKUP 



IMPREG- 
NATOR NOT 
YET KNOWN 


TABLE 2. -Continued 


FAMILY DESICWATION SUPPLIER MATERIAL DESCRIPTION 


PAPER SMS-21 THIOKOL KRAFT PAPER-PHENOLIC 
BINDER 


PAPER FM-5272* U.S. KRAFT CREPE PAPER- 
BINDER POLYMERIC PHENOLIC 


PAPER MXP-1 FIBERITE KRAFT PAPER-PHENOLIC 
BINDER CORP. 


OTHER V-44 
SYSTEMS 


GENERAL ASBESTOS AND SILICA 
TIRE AND FILLED-NBR 
RUBBER 


CANDIDATE NOZZLE MATERIALS 


MECH. PROPERTIES 
AT75‘F 

PROCESSING INFORMATION FIRING EXPERIENCE 

COSTAND AVAIL. 

POTENTIAL 

USE 

REMARKS 

COMPRESSIVE. ULT. 

36.000 PSI 
TENSUE, ULT. 

22,OOOPSI , 

MOD. 1.66 X# PSI 
ELONGATION, 1.9% 
FlEXURAL, ULT. 

21.000 PSI 

SPECIFIC GRAVITY, 1.22 

TAPE WRAP-CURE AT 325®F 
AND 25 PSI 

TU-379, RESULTS 
INCONCLUSIVE 

1.20/LB 

COMMERCIALLY 

AVAILABLE 

BACKUP 

LOW COST, WILL REQUIRE 
SOME DEVELOPMENT OF FAB. 
TECHNIQUES. APPARENT 
LOW CHAR STRENGTH 

SPECIFIC HEAT. 

0.372 AT 200»C 
SPECIFIC GRAVITY. 1.33 
TENSILE, ULT. 

7.400 PSI , 

MOD. 0.9X10® PSI 
FLEXURAL, ULT. 

11.400 PSI . 

MOD. 0.94 X 10® PSI 

TAPE WRAP AND CURE AT 
325"FAND 150 PSI 

NOMAD NOZZLE NO. 7 
THROAT APPROACH 
EROSION, 2.9mlls/sec 
CHAR, 2.4 tnils/sec 

2.00/LB' 

COMMERCIALLY 

AVAILABIE 

BACKUP, 

THROAT 

APPROACH 



TAPE WRAP 



BACKUP 



LAYUP AND CURE IN OVEN 
AT300*F UNDER VACUUM 
BAG 

NOMAD NOZZLE NO. 5- 
THROAT APPROACH 
EROSION. 14.1 mils/sec 
CHAR, 0.1 mll$/sec 
FIRED IN RJLL SPEC- 
TRUM OF THIOKOL 
MOTORS, NORMAaY 
AS CASE INSULATION, 
PERFORMANCE HAS 
GENERALLY BEEN GOOD. 

3.19/LB 

COMMERCIALLY 

AVAILABIE 

THROAT 

APPROACH 



CANVAS DUCK-PHENOLIC COMPRESSIVE, ULT. 

TAPE WRAP AND CURE AT 

NOMAD NOZZLE NO. 6- 

1.50/LB 

20,300 PSI 
MOD. 0.81 X 10® PSI 
TENSILE, ULT. 

8,200 PSI 

MOD. 0.73X10® PSI 
SPECIFIC GRAVITY, 1.33 
SPECIFIC HEAT. 

0.3443 AT lOO’C 
0.3642 AT 200"C 

300»FAND225 PSI 

EXIT EXTENSION 

COMMERCIALLY 


EROSION, 5 mlls/sec 
CHAR, 3 mils/sec 
NOMAD NOZZLE NO. 8, 
EXIT CONE 

EROSION, 12 mlls/sec 
LAFTOFTHROATI 
CHAR. 1.7 mlls/sec 
NOJUAD NOZZLE NO. 8, 
THROAT APPROACH 
EROSION, 4.7mils/sec 
CHAR,4.7mils/sec 

AVAILABLE 


THROAT 

APPROACH 

EXIT 

EXTENSION 

BACKUP 



TABLE 3 


Material 

LCCM-2610 

LCCM-4113 

LCCM-4120 

LCCM- 

(reinforced) 

MXC-113 

MXS-113 

MXC-198 

MXA-6012 

KF-418 

MXS-198 

SP-8030-48 

SP-8030-96 

SP-8050 

4C-1686 

4S-5186 

4A-6385 

FM-5072LD 

FM-5272 

4065 

23-RPD 

WB-8217 

WB-7605 


THIOKOL mXERIAL RECOMMENmTIONS 


Graphite particle phenolic 
Graphite particle NBR phenolic 
Graphite particle phenolic 

Graphite particle phenolic, 
reinforced 

Carbon fiberpaper phenolic 
Silica fiberpaper phenolic 
Carbon cloth epoxy novolac 
Crocidolite asbestos phenolic 
Canvas phenolic 
Silica cloth epoxy novolac 
Silica cloth phenolic 
Heavyweight silica cloth phenolic 
Carbon cloth phenolic 
Carbon cloth polyphenylene 
Silica cloth polyphenylene 

Asbestos polyphenylene 
(ceramic microballoons) 

Carbon cloth phenolic 
(silica microballoons) 

Crepe paper phenolic 

Silica cloth NBR phenolic 
(silica microballoons) 

Corl^asbestos phenolic 
Carbon cloth phenolic 
Microbestos DS phenolic 


Supplier 

Thiokol Chemical Corporation 
Thiokol Chemical Corporation 
Thiokol Chemical Corporation 
Thiokol Chemical Corporation 

Fiberite Corporation 
Fiberite Corporation 
Fiberite Corporation 
Fiberite Corporation 
Fiberite Corporation 
Fiberite Corporation 
Armour Coated Pi’oducts 
Armour Coated Products 
Armour Coated Products 
Coast Mfg & Supply 
Coast Mfg & Supply 
Coast Mfg & Supply 

XJ.S, Polymeric 

U.S, Polymeric 
Narmco Materials 

Raybestos-Manhattan, Inc 

Western Backing 

Western Backing/ 
Johns-Manville 
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TABLE 4 


MATERIALS SELECTED FOR SUBSCALE EVALUATION 

Nomad 


Material 

■T^ 

Nozzles No. 

Supplier 

MXC-313 

Carbon fibertape 
phenolic 

1, 4, 5, 6 

Fiberite Corporation 

SP-8050 

Carbon cloth 
phenolic 

2 

Armour Coated Products 

WB-8217 

Carbon cloth 
phenolic 

1/4 

Western Backing 

MXA-6012 

Asbestos phenolic 

1, 2, 3, 4 

Fiberite 

FM-5272 

Kraft crepe paper 
phenolic 

7 

U.S. Polymeric 

KF-418 

Canvas phenolic 

6, 8 

Fiberite Corporation 
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Figure l , Tensile and Interlaminar Shear Specimens 
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Figure 2 . Compression Test Specimen Cutting Pattern and Configuration 
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TABLE 5 

PHYSICAL AND MECHANICAL PROPERTIES 


Physical and 


Mechanical Properties 

LCCM-2610 

LCCM-4113 

LCCM-4120 

THIOKOL LOW COST CARBONACEOUS MATERIALS 
Tensile Strength (psi) 

1. Room Temperature 

Ultimate 2,900 

450 

2,300 

2. SOO'^F, Ultimate 

1,700 


80 

800 

3. 600‘^F, Ultimate 

* 


■350 

150 

Compressive Strength (psi) 
1. Room Temperature 
Ultimate 

12,000 


130 

8,200 

2. 300®F, Ultimate 

5,000 


30 

2,000 

3. 600 °F, Ultimate 

2,800 


800 

6,700 

Hardness, Shore "D" 

81 


55 

70 

Specific Gravity 

1.8 


1.6 

1.5 


^Specimens fractured due to excessive gripping pressure. 
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TABLE, 5., - 

Continued 


PHYSICAL AND MECHANICAL PROPERTIES 


Physical and 



Mechanical Properties 

MXA-313 

MXS-313 

EIBERITE FIBER PAPER PHENOLIC MATERIALS 


Tensile Strength (psi) 



A. Parallel 



1. Room Temperature , Ultimate 

17,100 

6,700 

Room Temperature , Modulus 

3. 19 X 106 

1. 31 X 10® 

2. 300® F, Ultimate 

9,900 

4,800 

3. 600° F, Ultimate 

1,900 

2,600 

B. Perpendicular 



I'. Room Temperature , Ultimate 

15,200 

4,100 

Room Temperature, Modulus 

2.79 X 10^ 

O.SlxlO® 

2. 300° F, Ultimate 

10,800 

2,500 

3. 600° F, Ultimate 

1,800 

2,200 

Compressive Strength (psi) 



A. Parallel 



1.' Room Temperature, Ultimate 

18,500 

9., 600 

•2.. 300° F, Ultimate 

14,050 

7,900 

3. 600° F, Ultimate 

8,700 

3,900 

B, Perpendicular 



1. Room Temperature, Ultimate 

17,300 

5,500 

2. 300° F, Ultimate 

13,750 

4,700 

3. 600° F, Ultimate 

8,000 

2,000 

Interlaminar Shear (psi) 



A. Parallel 



1. Room Temperature , Ultimate 

1,270 

390 

2. 300° F, Ultimate 

1,000 

310 

3. 600° F, Ultimate 

850 

150 

B. Perpendicular 



1. Room Temperature, Ultimate 

.,330 

260 

2. 300° F, Ultimate 

940 

220 

3. 600° F, Ultimate 

780 

220 

Hardness , Shore D 

93 

66 

Specific Gravity • 

1.6 

0.8 
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TABLE 6 


PHYSICAL AND MECHANICAL PROPERTIES OF lOW COST CARBON CLOTH MATERIA IB 


US Western 


Supplier 

Fiberite 

Coast 

Coast 

Polymeric 

Armour 

Backitw: 

Physical and 
Mechanical Properties 

MXC-198 

4C1686 

4C2530 

FM5072LD 

SP8057 

WB8251 

Tensile Strength <psi) 

A. Parallel 

1. Room Temperature, Ultimate 
Room Temperature , Modulus 

2. 300®F, Ultimate 

3. 600® F, Ultimate 

8,900 
1.40 X 106 
5,100 
3,400 

18,300 
1, 86 X 10® 
12,500 
10,400 

7,600 
2.53.x 10® 
3,100 
4,500 

9,000 
1,29 X 10® 
5,600 
4,700 

6,500 
1. 39 X 10® 
4,900 
4,300 

9,000 
2. 54 X 10® 
5,100 
4,400 

B. Perpendicular 

1. Room Temperature , Ultimate 
Room Temperature , Modulus 

2. 300® F, Ultimate 

3. 600®F, Ultimate 

9.100 

1. 23 X 10® 

6.100 
2,800 

13.600 

1. 66 X 106 

10.600 
13,800 

6,200 
3. 30 X 10® 
3,300 
1,900 

4,700 
1. 57 X 10® 
4,500 
3,400 

4.900 
1.28 X 10® 

4,000 

3.900 

7,000 
3. 15 X 10® 

3.900 

2.900 

Compressive Strength (psi) 

A. Parallel 

1. Room Temperature , Ultimate 

2. 300® F, Ultimate 

3. 600® F, Ultimate 

31,100 
18 ,800 
4,000 

13,000 

10,900 

7,200 

28,100 

23,500 

8,000 

20,500 

8,300 

6,100 

28,600 

9,200 

4,800 

30,200 

25,900 

5,900 

B. Perpendicular 

1. Room Temperature , Ultimate 

2. 300“ F, Ultimate 

3 . 600® F, Ultimate 

18,900 

11,000 

2,500 

14,400 

12,100. 

7,300 

23,900 

18,600 

5,700 

16,900 

6,200 

4,900 

27,000 

8,300 

4,800 

26,700 

22,900 

4,500 

Interlaminar Shear (psi) 

A. Parallel 

1. Room Temperature, Ultimate 

2. 300® F, Ultimate 

3. 600® F, Ultimate 

780 

570 

280 

1,270 

950 

880 

760 

420 

290 

990 

580 

430 

560 

590 

N/A 

650 

570 

430 

B. Perpendicular 

1. Room Temperature , Ultimate 

2. 300® F, Ultimate 

3. 600® F, Ultimate 

720 

540 

150 

1,040 

870 

960 

460 

390 

210 

870 

610 

380 

460 

580 

360 

470 

500 

370 

Hardness, Shore D 

84 

85 

95 

91 

91 

95 

Specific Gravity 

1.1 

1.3 

1.5 

1.2 

1.4 

1.5 



TABLE 7 


PHYSICAL AND MECHANICAL PROPERTIES OF LOW'COST SILICA CLOTH MATERIALS 


SuDDlier 

Fiberite 

Coast 

Armour 

Narmco 

Physical and 

Mechanical Pronerties 

MXS-198 

4S5186 

SP-8030-96 

4065 

Tensile Strength-(psi) 

A. Parallel 

1. Room Temperature , Ultimate 

10,000 

10,800 

6,200 

6,100 

Room Temperature, Modulus 

2. 61 X 106 

2. 37 X 10® 

2. 67 X 10® 

0.89 X 10^ 

2. 300®F, Ultimate 

4,500 

10,100 

4,500 

2,800 

3. 600° F, Ultimate 

2,000 

8,300 

6,400 

2,200 

B. Perpendicular 

1. Room Temperature, Ultimate 

9,900 

10,900 

4,200 

4,100 

Room Temperature, Modulus 

2.01X 106 

1’. 63 X 10® 

1.79x10® 

0.40 X 10< 

2, 300°F, Ultimate 

4,300 

8,700 

4,400 

1,600 

3. 600*F, Ultimate 

2,800 

5,100 

2,800 

1,300 

Compressive Strength (psi) 
A. Parallel 

1. Room Temperature , Ultimate 

34,600 

13,600 

23,100 

6,700 

2. 300°F, Ultimate ' 

9,900 

12,200 

22,900 

1,200 

3. 600°F, Ultimate 

3,600 

10,000 

10,300 

990 

B. Perpendicular 

1. Room Temperature, Ultimate 

24,000 

12,900 

27,900 

4,200 

2. 300° F, Ultimate 

7,800 

10,400 

18,100 

920 

3. 600°F, Ultimate 

2,100 

8,400 

8,100 

620 

Interlaminar Shear {psi) 
A. Parallel 

1. Room Temperature , Ultimate 

1,250 

1,060 

600 

590 

2. 300° F, intimate 

640 

650 

550 

300 

3. 600° F, intimate 

200 

850 

610 

180 

B. Perpendicular 

1. Room Temperature 

760 

590 

390 

460 

2. 300° F Ultimate 

690 

550 

510 

240 

3. 600° F, Ultimate 

.250 

550 

490 

110 

Hardness , Shore D 

88 

92 

94 

68 

Specific Gravi^ 

1.5 

1.7 

1.6 

1.0 
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TABLE 8- 


PHYSICAL AND MECHANICAL PROPERTIES OF LOW COST 
ASBESTOS AND PAPER MATERIAIB 


Supplier 

Coast 

Raybestos 

Panelyte 

Physical and 

Mechanical Properties 

4A6385 

23-RPD 

SMS-21 

Tensile Strength (psi) 
A. Parallel 

1. Room Temperature, Ultimate 

17,200 

19, 700 

12,700 

Room Temperature, Modulus 

2.60 X 10® 

2.99 X 10® 

1.52x10^ 

2. 300“ P, Ultimate 

13, 100 

15,200 

6,000 

3. -600“F, Ultimate 

11,600 

8,900 

3, 500 

B. Perpendicular 

1. Room Temperature, Ultimate 

10, 500 

10, 800 

12, 100 

Room Temperature, Modulus 

1.89 X 10® 

1.76x10® 

1.38 xl0‘ 

2, 300“ F, Ultimate 

6,600 

11,100 

6,200 

3. 600“ F, Ultimate 

7,300 

7,300 

3,000 

Compressive Strength (psi) 
A. Parallel 

1. Room Temperature, Ultimate 

17, 600 

15, 500 

23,400 

2. 300“ F, Ultimate 

12, 300 

8,300 

12,000 

3. 600“ F, Ultimate 

10, 000 

3,400 

2,800 

B. Perpendicular 

1. Room Temperature, Ultimate 

17, 600 

13,900 

22,400 

2. 300“F, Uttimate 

12, 100 

7,700 

9, 000 

3. 600“ F, Ultimate 

9,200 

2, 700 

1,800 

Interlaminar Shear (psi) 
A. Parallel 

1. Room Temperature, Ultimate 

1,190 

1, 700 

760 

2. 300“ F, Ultimate 

1,100 

1,090 

560 

3. 600“ F, Ultimate 

880 

1,000 

300 

B. Perpendicular 

1. Room Temperature, Ultimate 

780 

1,070 

630 

2. 300“ F, Ultimate 

670 

720 

530 

3, 600“ F, Ultimate 

620 

640 

330 

Hardness, Shore D 

92 

88 

93 

Specific Gravity 

1.4 

1.5 

1.3 
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Figure 4 , TU-379 Nozzle 



TABLE 9 


SUMMARY OF FABRICATION CONDITIONS 
TU-379 NOZZLE COMPONENTS 



Material 

Curing Conditions 

1. 

MXA-313 

(Asbestos fiberpaper) 

100 psi (autoclave) and 320‘F 

2. 

MXS-313 
(Silica fiberpaper) 

100 psi (autoclave) and 320°F 

3. 

MXC-198 

(Carbon epoxy novolac) 

13 psi (vacuum b£^ and 310*F 

4. 

MXS-198 

(Silica epoxy novolac) 

13 psi (vacuum ba^ and 310 °F 

5. 

FM-5072LD 
(Carbon phenolic) 

200 psi (autoclave) and 325”F 

6. 

4065 

^ilicaNBR phenolic) 

200 psi (autoclave) and 310 ‘F 

7. 

SP-8030-96 
(Silica phenolic) 

115 psi (autoclave) and 320®F 

8. 

SP-8057 

(Carbon phenolic) 

200 psi (autoclave) and 320*F 

9. 

4C-1686 

(Carbon pol 3 rphenyIene) 

200 psi (autoclave) and 320®F 

10. 

4C-2530 

(Avceram phenolic) 

200 psi (autoclave) and 320*F 

11. 

4S-5186 

Silica polyphenylene) 

200 psi (autoclave) and S20*F 

12. 

4A-6385 

(Asbestos polyphenylene) 

115 psi (autoclave)' and 320*F 

13. 

WB-8251 

(Avceram phenolic) 

200 psi (autoclave) and 320*F 

14. 

23-RPD 

(Asbestos/cork phenolic) 

225 psi (autoclave) and 300°F 

15. 

SMS-21 

(Paper phenolic) 

225 psi (autoclave) and 320°F 

16. 

LCCM-2610 
(Graphite phenolic) 

1, 000 psi (press) and 300“F 

17. 

LCCM-4120 
(Graphite phenolic) 

13 psi (vacuum ba^ and 300“F 

18. 

LCCM-4113 
(Graphite NBR phenolic) 

200 psi (autoclave) and 300‘F 
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MATERIAL 

EROSION RATE, MIL/SEC 

1. STA 1 

2. STA 8 
31 STA 9 

4. MAXIMUM, STA 

CHAR RATE (TYPICAL), MIL/SEC 

1 . 

2 . 

MOTOR DATA 

^MAX 

2- PaVG 

3. 



1 2 3 4 5 6 7 8 18 1716 15141312 11109 
STATIONS 

(EQUALLY SPACED AT 0. 1 IN. INTERVALS) 


Figure 5_. TU-379 Inlet Cone Erosion and Char Profile 
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MATERIAL 

EROSION RATE, MIL/SEC 

1. STA 1 

2. STA 7 

3. STA 14 

4. MAXIMUM, STA 

CHAR RATE (TYPICAL), MIL/SEC 

1. STA 

2. STA 

MOTOR DATA 

^MAX 

^AVG 

3. 



1 2 3 4 5 6 7 8 . 9 10 11 12 13 14 
STATIONS 

(EQUALLY SPACED AT O.T IN, INTERVALS) 


Figure 6. TU-379 Exit Cone Erosion and Char Profile 
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TABLE 10 

SUMMARY OF INFORMATION ON CANDIDATE MATERIALS 


JllTffl, tra 



U.f II mi T 
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Figure 7. Fired TU’-379 Nozzle Seetiouet Low Cost Carbonaceous Materials 




to 

cn 



4C-1686 MXC-198 


Figure 8. Fired TU-379 Nozzle Sections, Carbon Cloth Reinforced Materials 
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WB-8251 



4C-2530 


1 y I i^i 11 n 

Figure 9, Fired TU-379 Nozzle Sections, Ayceram C/S Cloth Reinforced Materials 



4S-5186 


SP-8030-06 



4065 MX5-19S 
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Figure 10, Flre<3 TTJ-379 Nozzle SecticMS Silica Cloth Reinforced Materials 




HXA-313 


4A-6385 


23-RPD SMS-21 
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Figure 11, Fired TU‘*3T9' Nozzle SecttonB , AsbeBtos and Paper Reinforced Materials 



TABLE U 


MATERIALS RECOMMENDED FOR FURTHER EVALUATION 
Cost 


Material 

Vendor 

General Descriotion 


Remarks 

LCCM-2610 

Thiokol 

Graphite particle - phenolic 
molding compound 

0, 75 

Excellent erosion resistance, very low cost, 
demonstrated successfully in char motor nozzles 
(D-j = 3. 8 in. ) and Stage II Minuteman nozzle 
(Dt =8,5 in.). 

LCCM-4120 

Thiokol 

Graphite particle “ phenolic 
castable compound 

0.75 

Good erosion resistance as demonstrated In the 
exit cones of char nozzles (Dt =3.8 In. ) and Stage 
II Minuteman nozzle (D-j- =8.5 in. ). Material can 
be cast In place and cured at low pressure (15 pai) , 
and is very low in cost. 

SP-8057 

Armour 

Pluton H-1 fabric in 
EC-201 phenolic resin 

15.00 

Good erosion resistance that is comparable to the 
best carbon fi*ric - phenolic materials. Material 
has a 50 percent resin content; and therefore, a 
relatively low cost for this class of material. 

4C1686 

Coast 

GS-CC2 carbon fabric in 
polyphenylene resin 

20, 60 

Good erosion resistance, and reasonable cost 
for this type of material. 

WB-8251 

Cordo 

Avceram C/S in 
WB-2233 phenolic resin 

12. 97 

Erosion resistance is comparable to carbon - 
phenolic materials. Has lower price than carbon- 
phenolic materials. Has lower thermal conductivity 
than carbon - phenolic materials. 

MXCS-198 

Fiberite 

Avceram C/S in 
epoxy - novolac resin 


This material has not been tested but is recommended 
because of its potential advantages. Avceram rein- 
forcement has shown excellent results in both this 
program and the Nomad program. Avceram per- 
formance is similar to that of carbon cloth but is 
lower in cost. Epoxy novolac resins have performed 
well in the Nomad program. They have the advantage 
of being cured at low pressure; Iherefore, Thiokol 
recommends that lower cost Avceram be combined 
with low pressure curing epoxy novolac resin. 

SP-8030-96 or 
SP-8030~48 

Armour 

C-100-96 Silica or 
C-100-48 Silica 

4, 90 

Good performing low cost silica - phenolic. Can be 
wrapped successfully In double thickness , reducing 
fabrication costs. 

MXS-198 

Fiberite 

C-100-96 Silica 

6. 10 

Adequate erosion resistance. Can be fabricated 
at low pressures , reducing facility requirements 
and fabrication costs. 

23 RPD 

^ybestos“ 

Manhattan 

Asbestos mat with cork 
filler and phenolic resin 

4. 25 

Excellent backup material. Has good char properties. 
Good erosion resistance for asbestos - phenolic. 

4065 

Narmco 

C- 100-20 Silica fabric , 
phenolic microballoon filled, 
phenolic modified nitrile 

18.08 

Low density material. Would make a good backup 
insulation material because of Its low density. 
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TU-379 MOTOR MATERIAL PERFORMANCE 
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Figure 13. TU-622 Materials Evaluation Nozzle 



TABLE 13 


TU-622 NOZZLE COMPONENT CUKE SUMMARY 


Material Component Cure 

1. 4C-1686 Inlet Apply 225 psi. Cure 2. 5 hr at 180*F, 2. 5 hr at 210 *P, 2. 5 hr at 240*F, 

2. 5 hr at 270"F, 2.5 hr at 300*F, and 6 hr at 350®F. Cool under 
pressure to 150®F. 

Throat Same as for inlet. 

Exit cone Stage 1 hr at 180"F under vacuum. Apply 225 psi. Cure 2.5 hr at 200 ‘F, 

2.25 hr at 240T, 2.25 hr at 270"F, 2 hr at 300*F, 2.5 hr at 350T. Cool 
under pressure and vacuum to 160*F. 

2. WB-8251 Inlet Debulk 2 hr at 170“F and 225 psi. Cool to 100*F under pressure. 

Additional plies added. Apply 225 psx. Cure 4 hr at 170“F, 4 hr at 
200*F, 4 hr at 230^, 3 hr at 265“F, and 6 hr at 300*F. Cool under 
pressure to 160“F. 

Throat Same as for inlet. 

Exit cone Apply vacuum and 225 psi. Cure 1.5 hr at 180*F, 1.5 hr at 200*F, 3 hr 

at 225^, 3 hr at 250*F, and 6 hr at 310*F. Cool under vacuum and 
pressure to 140 *F. 

3. SMS-21 Inlet Apply 225 psi. Cure 1 hr at 180*F, 2 hr at 250*F, 6 hr at 320"F. Cool 

under pressure to 160 *F. 

Throat Same as for inlet. 

Exit cone Apply vacuum and 225 psi. Cure 2 hr at 180*F, 2 hr at 250®F, and 6 hr 

at 310®F. Cool under pressure to 160*F. 

4. SP-8030-96 Inlet Apply 225 psi. Cure 2.5 hr at 200®F, 2.5 hr at 250®F, and 6 hr at 310*F. 

Cool under pressure to 160°F. 

Throat Same as for inlet. 

Exit cone Apply vacuum and 225 psi. Cure 1. 5 hr at 180”F, 1. 5 hr at 200®F, 3 hr 

at 225*F, 3 hr at 250*F, and 6 hr at 310 ®F. Cool under vacuum and 
pressure to 140®F. 

5. SP-8057 Inlet Apply 225 psi. Cure 1 hr at ISO'F, 1 hr at 210*F, 2 hr at 240^?, 2 hr at 

275*F, and 5 hr at 310*F. Cool under pressure to 150“F. 

Throat Same as for inlet 

Exit cone Apply vacuum and stage 0.5 hr at 180*F. Apply 225 psi. Cure 2 hr at 

180“F, 2 hr at 210*F, 2 hr at 240“F, 2 hr at 275*F, and 4. 5 hr at 310 “F. 
Cool under vacuum and pressure to 150*F. 

6. LCCM-2610 Inlet Debulk at 170’F and 1, 000 psi as required. Cure 8 hr at 325*F and 1, 000 

psi. Cool under pressure to WCF. 

Throat Cure 6 hr at 300*F and 1, 000 psi. 


Exit cone Same as for throat. 
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TABLE 13, -ContiDued 


TU-622 NOZZLE COMPONENT CURE SUMMARY 



Material 

Component 

Cure 

7. 

LCCM-4120 

Inlet 

Apply vacuum. Cure 8. hr at 310*F. 



Throat 

Same as for inlet. 



Exit cone 

Same as for inlet. 

8. 

23-RPD^ 

Inlet 

Debulk extensively at 180*F and 150 psi. Apply 225 psi. Cure 2 hr at 
200*F, 2 hr at 250*F, and 6 hr at 310”F. Cool under pressure to 150T. 



Throat 

Same as for inlet. 



Exit cone 

Stage under vacuum 2 hr at 180“F. Apply 225 psi. Cure 2'hr at 180”F, 

2 hr at 250“F, 3 hr at 275“F, and 6 hr at 300”F. Cool under vacuum and 
pressure to 140*F. 

9. 

MXS-198 

Inlet 

Debulk 2 hr* at 180®F and 140 psi. Remove pressure. Apply vacuum. 
Cure 2 hr at 175‘‘F, 4 hr at 210*F, 4 hr at 240°F, and 9 hr at 325*F. 
Cool under vacuum to 150®F. 



Throat 

Same as for inlet. 



Exit cone 

Apply vacuum. Cure 3 hr at ISOT, 4 hr at 210*F, 4 hr at 240T, and 
9 hr at 325*F. Cool under vacuum to 180*F. 

10. 

MXCS-198 

Inlet 

Debulk 2 hr at 180'F and 140 psi. Remove pressure. Apply vacuum bag. 
Apply vacuum-. • Cure 2 hr at ISOT, 4 hr at 210tF„ 4 hr at 240‘F, and 
9 hr at 325“F, Cool under vacuum to 160°F. 



Throat. 

Same as for inlet. 



Exit cone 

Apply vacuum. Cure 3 hr at 180”F, 4 hr at 210“F, 4 hr at 240“F , and 


9 hr at 325°F. Cool under vacuum to 180°F. 
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TABLE 14 


Nozzle and 
Material 


1. SK-41798-01 

(IiCCM-2610) 


2. SK-41798-02 

(4C-1686) 


3. SK-4X798-03 
(WB-8251) 


4. SK-41798-04 

(SP-8057) 


S. SK-41798-05 
(MXCS-198) 


6. SK-41798-06 
(LCCM-4120) 


7, SK>41798-07 
(SP-8030-96) 


8, SK-41798-08 

(MXS-19^ 


FABRICATION PROBLEM SUMMARY 
TU-622 NOJSZLE A^EMBUESS 


Component 

Problem 

Solution 

Rilet 

None 


Throat 

None 


Exit cone 

None 


inlet 

None 


Throat 

None 


Exit cone 

None 


Inlet 

Numerous delaminations over 
half the length of-the billet. 

Machined off delaminated area. Added 
new" plies and cured to a longer cure cycle. 

Throat 

Several large delaminations 
which could not be machined 
out. 

Scrapped part. Remade with fresh material 
and longer cure cycle. 

Exit cone 

Severe cracks and delamina- 
tions throughout. 

Scrapped part. Insufficient time left to 
reorder material. Substituted segmented 
LCCM-2626 exit cone. 

Inlet 

Billet fabricated too short. 
No additional material on 
hand. 

Added plies of SP-8030-96 to one end and 
cured. Machined so that SP-8030-96 was 
located at extreme forward end. 

Throat 

Oriented 45 deg upstream. 

Used as is. 

Exit cone 

None 


Inlet 

None 


Throat 

Throat diameter machined 
too big. 

Redesl^ed to a different contour. 

Exit cone 

Extensive cracks and 
delaminations. 

Scrapped part. Insufficient time left to 
reorder material. Substituted segmented 
LCCM-2610 exit cone. 

Inlet 

None 


Throat 

None 


Exit cone 

None 


Inlet 

None 


Throat 

None 


Exit cone 

None 


Inlet 

None 


Throat 

Machining to Qiroat diameter 
left resin starved areas. Con- 
tinued machining until such 
areas were eliminated, resulting 
in too large a throat diameter. 

Macbmi^ and installed throat insert (2 pieces) 
of standard silica phenolic material 
(MX-2600). 

Exit cone 

As molded part had several 
large resin starved areas, which 
delaminated extensively daring 
machining. 

Scrapped part. Insufficient time left to 
reorder material. Substituted LCCM-2626 
exit cone. 
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TABLE 14. -Continued 


FABRICATION PROBLEM SUMMARY 
TU-622 NOZZLE ASSEMBLIES 


Nozzle and 

Material Solution 


9. SK-41798-09 

(23-RPD) 


None 

None 

Shrank more durmg cure than Added graphite sleeve, 
expected, resulting in too 
small an OD. 


10. SK-41798-10 

(SMS-21) 


Inlet None 

Throat None 

Exit cone None 
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Figure 14. TU-622 Segmented LCCM-262G Exit Cene (View A) 



Figure 15* Forward End TU'^622 Test Nozzle ^ 
LCCM-2610 (Graphite Phenolic) 
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Figure 16, Afl End TE-622 Test Nozzle* LCCM-2610 (Graphite Phenolic) 
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Figure 17. Forward End TU-622 Test Nozzle, 
4C-1686 (Carbon Cloth Poly pbenyle tie) 


42 




Figure 18. Aft End TU-622 Test Nozzle, 
4C-16SG (Carbon Cloth Polyphenylene) 
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Figure 19* Forward End TU-62^ Test Nozzle » WB-8251 (Avoeram C/S^ Phenolic) 
Inlet and Throat, LCCM-2610 Dry (Graphite- Phenolic) Segmented Exit Cone 



Figure 20* Aft End TU-622 Test Nozzle, WB-8251 (Avceram C/S -Phenol ie) Inlet 
and Throat, LCCM-2610 Dry (Graphite -Phenolic) Segmented Exit Cone 




Figure 21, Forward End TU-fi22 Test Nozzle, 
SP-8057 (PlutoQ H-1 Phenolic) 
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Figure 22. Aft End TU-622 Test Nozzle, 
SP-8057 (Pluton H-1 Phenolic) 
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Figure 23* Forward End TU-622 Teat Nozzle, MXCS-198 (Avceram C/S-Ep03<y Novolac 
Inlet and Throat, LCCM-2610 (Graphite -Phenolic) Segmented Exit Cone 






Figure 24* A ft End TU-622 Test Nozzle, MXCS-198 (A veer am C/S Epoxy Novo lac) 
Inlet and Throat, LCCM-2610 {Graphite -Phenolic) Segmented Exit Cone 




Figure 2b. For^-ard End TU-622 Test Nozszle 
LCCM-4120 (Graphite Phenolic^ 
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Figure 26. Aft End TL) -622 Test Nozzle, 
LCCM-4120 (Graphite Phenolic^ 


51 





Figure 27, Forward End TU-622 Test Nozzle, 
SP-&030-96 (Silica Cloth Phenolic^ 
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Figure 28» A£t End TO -622 Test Nozzle* 
SP -8 030 -96 (Silica Cloth Phenolic) 
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Figure 29* Forward End TU-622 Tnst MXS-198 ^Silica -Epoxy Novolae) Inlet, 

Silica "Phenolic Split Throat, LCCM-2610 Dry (Graphite -Phenolic) Exit Cone 




Figure 30, Aft End TU-G22 Test Nozzle, MXS-198 (Siiica-Epoxy Novolac) Inlet, 
Silica -'Phenolic Split Throat, LCCM-2610 Dry (Graphite -Phenolic) Exit Cone 
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Figure 31, Forward End TU-622 Test Nozzle, 23-RPD (Cork Asbestos -Fhenolicj 





I 






I 


Figure 32, Aft End TU -622 Test Nozzle, 23-RPD (Cork Asbestos -Phenolic) 




Figure 33. Forward End TU-622 Test Nozzle, SMS-21 (Paper-Phenolic) 
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Figure Aft End TU-<j 22 Teat SMS-21 (Paper -Phenolic) 
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Figure 45. 


Sectioned TU-522 TestNozz!©, LC CM -26 10 (Graphite Phenolic) 



Figure 46. Sectioned TU-622 Test Nozzle, 4C-1686 (Carbon Cloth Polyphenylene) 






Figure 47* Sectioned TO -622 Test Nosizle, WB-8251 (Avceram C/S-Phenollc) 
Iniet and Throat, LCCM-2626 Dry (Graphite-Phenotic) Segmented Eadt Cone 




Figure 48, Sectioned TU-622 Test Noaiile, SP-8057 (Pluton H-1 Phenolic) 





Figure 49, Sectioned TU-622 Test Nozzte, MXCS-198 (Aveeram C/S-Epoxy Novolac) 
Inlet and Throat, LCCM-2G10 (Graphite -Phenol! cj Segmented Exit Cone 




Figure 50, Sectioned TU-G22 Test Nozzle, LCCM-4120 (Graphite Phenolic) 
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Figure 52. Sectioned TU-622 Test Nozzle, MXS-198 ( SiLica-Epoxy Novolac) Inlet, 
Si lie a -Phenolic Split Throat, LCCM-2626 Ory (Graphite -Phenolic^ Exit Cone 
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Figure 53* Sectioned TU-€22 Test Nozzle » 23-RPD (Asbestos Cork-PhenoUc) 




Figure 54* Sectioned TU«622 Test Nozde, SMS -21 (Paper -Phenolic) 






TABLE 15 


TU-622 NOZZLE DATA, LCCM-2610 



CONTOUR 

MATERIAL 

CHAR 

EROSION 5 

NO. 

INITIAL 

EROSION 

CHAR 

LOSS 

DEPTH • 

(MILS/SE 

26 

2.35 

2.38 

1.86 

-M).03 

0,49 

+ 

25 

2.50 . 

2.54 

2. 08 

+0.04 

0.42 

+ 

24 

2.66 

2.70 

2.25 

+0.04 

0.41 

+ 

23 

2.79 

2.85 

2,46 

+0. 06 

0.33 

+ 

22 

2.98 

3.00 

2.58 

+0.02 

0.40 

+ 

21 

3.14 

3.16 

2.68 

+0.02 

0.46 

+ 

20 

3.30 

3.33 

2.82 

+0.03 

0.48 

+ 

19 

3.46 

3.44 

2.92 

0. 02 

0.54 

0.60 

18 

3.60 

3.60 

2. 96 

0. 00 

0.64 

0.00 

17 

3.78 

3.70 

3,02 

0.08 

0.76 

2,40 

16 

3.89 

3.76 

3.06 

0.13 

■ 0.83 

3.91 

15 

3.90 

3.76 

3. 08 

0.14 

0.82 

4.22 

14 

3.87 

3.77 

3.08 

0.10 

0.79 

3.01 

13 

3.84 

3.72 

3. 04 

0.12 

0. 80 

3.61 

12 

3.80 

3.68 

3.04 

0.12 

0. 76 

3.61 

11 

3.74 

3.62 

3. 00 

0.12 

0.74 

3.61 

10 

3.66 

3.56 : 

2.94 

0.10 

0.72 

3.01 

9 

3.58 

3.50 J 

2. 86 

0.08 

0.72 

2.40 

8 

3.48 

3.40 

2.78 

0.08 

0.‘70 

2.40 

7 

3.36 

3.28 

2.70 

0. 08 

0.66 

2.40 

6 

3.24 

3.16 

2.56 

0. 08 

0l68 

2.40 

5 

3.11 

3.08 

2.42 

0.03 

0.69 

0.90 

4 

2.94 

2.92 

2.20 

0.02 

0.74 

0. 60 

3 

2. 79 

2.76 

1.96 

0.03 

0.83 

0.90 

2 

2.45 

2,44 

1.60 

0. 01 

.0.85 

0.30 

1 

1. 96 

2.00 

' 1.20' 

+0. 04 * 

’ 0.76 

+ 

0 

1.46 

1.46 

0.90 

0. 00 

0.56 

0.00 


PREFIRING SURFACE 

POSTFIRING SURFACE, 

CHAR DEPTH_s<=='^^ 


BURNING TIME 33. 2 EEC 


THROAT 

INSULATION 


INLET 

INSULATION 


EXIT CONE 
INSULATION 


h I I I 1 I i 1 

01234567 


I i 1 I I i I I I i I I I 1 I i I I I 

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

STATION, 

24535-22 
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TABLE IB 


’TU-622 NOZZLE DATA, 4C-1686 


STATION 

CONTOUB 1 

MATERIAL 

CHAR 

EROSION BATE 

NO. 

INITIAL 

EBOSION 

GRAB 

LOSS 

DEPTH 

(MILS/SEC), 

26 

2.35 ■ 

2.40 

2.10 

+0.05 

0.25 

+ 

25 

2.50 

2.54 

2.27 

+0. 04 

0.23 

+ 

24 

2.66 

2.74 

2.50 

+0.08 

0.16 

+ 

•23 

2.79 

2.86 

2.62 

+0.07 

0.17 

+ 

22 

2.98 

3.04 

2.74 

+0.06 

0.24 

+ 

21 

3.14 

3.20 

2.90 

+0.06 

0.24 

+ 

20 

3.30 

3.31 

3.04 

+0.01 

0.26 

+, 

19 

3.46 

3.48 

3.16 

- +0.02- 

0,30 

+ 

18 

3.60 

3.60 

3.26 

0.00 

0.34 

0.00 

17 

3.78 

2.70 

3.34 

0.08 

0.44 

2.39 

16 

3.89 

3.74 

3.40 

0.15 

0.49 

4.49 

15 

3.90 

3.74 

3.46 


0.44 

4.79 

14 

3.87 

3.72 

3.46 


0.41 

4.49 

13 

3.84- 

3.70 

3.44 

, 0.14 

0.40. 

4.19 

12 

3.80 

3.66 

3.40 

0.14 


4.19 

11- 

3.74 

3.64 

3.32 

0.10 

0.42 

2.99 

10 

3.66 

3.58 

3.24 

0.08 

0.42 

. 2.39 

9 

3.58 

3.50 

3.10 

0. 08 

0.48 

2.39 

8 

3.48 

3.38 

3.04 

0.10 

0.44 

2.99 

7 

3.36 

3.30 

3.00 

0.06 

0.36 

1.79'. 

6 

3.24 

3.19 

2.80 



1.50 

5 

3.11 

3.06 

2.66 



1.50 

4 

2.94 

2 92 

2.50 


0.44 

0.60 

3 

2.79 

2.76 

2.34 

0. 03 

0.45 

0.90 

2 

2.45 

2.58 

2.10 

+0.13 

0.35 

+ 

1 

1.96 

2.06 

1.70 

+0.10 

0.26 

+ 

0 

1.46 



__ 

“ 

- 


LEGEND BUBNING TIME 33 . 4 SEC 


PKEFIBING SUBPAGE 
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TABLE 17 


TU-622 NOZZLE DATA, WB-8251 INLET AND THROAT, LCCM;-262fr DRY SEGMENT EXIT 


STATION 

CONTOUR 

MATERIAL 

CHAR 

EROSION I 

NO. 

INITIAL 

EROSION 

CHAR 

LOSS 

DEPTH 

CMILS/SE 

26 

2.35 

2.40 

— 

40.05 

— 

+ 

25 

.2,50 

2.54 

— 

+0.04 

— 

+ 

24 

■2.66 

2.70 

__ 

+0.04 



+ 

23 

2.79 

2.88 

__ 

+0.09 


+ 

22 

2.98 

3.08 



+0.10 


+ 

21 

3.14 

3.19 



40. 05 


+ 

20 

3.30 

3.34 

— 

+0.04 

— 

+ 

19 

3.46 

3.48 

— 

+0.02 

— 

+ 

16 

3.60 

3.56 



0.04 




17- 

3.78 

3.61 

3.36 

0,17 

0.42 

4-31 

16 

3.89 

3.62 

3.40 

0.27 

0.49 

6.85 

15 

3.90 

3.58 

3.40 

0.32 

0.50 

8.12 

14 

3.87 

3.56 

3.38 

0.31 

0.49 

7.87 

13 

3.84 

3.54 

3.34 

0.30 

0.50 

7.61 

12 

3.80 

3.49 

3.30 

0.31 

0.50 

7.86 

11 

3.74 

3.43 

3.24 

0. 31 

0.50 

7.86 

10 

3.66 

3.38 

3.10 

0.28 

0.56 

7.11 

9 

3.58 

3.32 

3.04 

0.26 

0.54 

6.60 

8 

3.48 

3.22 

2.96 

0.26 

0.52 

6.60 

7 

3.36 

3.10 

2.84 

0.26 

0.52 

6.60 

6 

3.24 

3.00 

2.72 

0,24 

0.52 

6.09 

5 

3.11 

2.84 

2.60 

0.27 

' 0.51 

6.85 

4 

2.94 

2.76 

2.46 

0.18 

0.48 

4.57 

3 

2.79 

2.64 

2.30 

0.15 

0.49 

3.81 

2 

2.45 

2.34 

1.98 

0.11 

0,47 

2.79 

1 

1.96 

1.86 

1.52 

0.10 

0.44 

2.54 

0 

1.46 












f / ' INLET 

r INSULATION i 


THROAT 

INSULATION 
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TABLE t9 


TU-S22 NOZZLE DATA, MXCS-198 INLET AND THROAT, LCCJt-2610 WET SEGMENT EXIT 


CONTOUR 


MATERIAL 

INITIAL ! 

EROSION 

CHAR 

LOSS 

2. '35 

2.38 

— 

+0.03 

2.50 

2.54 

-- i 

40.04 

2.67 

2.70 

— 

40.03 

2.82 

2.86 

— 

+0.04 

2.98 

3.02 

— 

+0.04 

! 3.12 

3.18 


+0. 06 

^ 3.28 

3.36 

— 

+0. 08 

3.43 

3.50 

— 

+0.07 

3.58 

3.57 

3.16 

0. 01 

3,75 

3.62 

3.24 

0.13 

S.86 

3.65 

3.38 

0.21 

3.86 

3.62 

3.38 

0.24 

3. 85 

3.62 

3.36 

0.23 

3.80 

3.58 

3.32 

0.22 

3.72 

3.S2 

3.25 

0.20 

3. 63 

3.46 

3.16 

0.17 

3.52 

3.38 

3.04 

0.14 

3.40 

3.36 

2.98 

. 0.04 

3.27 

3i80 

2, 90 

+0.03 . 

3.16 

3.22 

2.80 

+0. 06 . 

3.06 

3. 12 

2.74 

+0. 06 

' 2.95 

3.00 

2, 56 

1+0.05 

2.84 

2.84 

2.42 

0.00 ' 

2. 66 

2.71 

2.20 

+0.0S 

2; 36 

2.39 

1.82 

+0.03 

1.97 

1.92 

•1. 34 

0. 02 

1.44 

1,40 . 

1, 00 

0. 04 


0.42 
0. 51 
0.48 
0.48 
0.49 
0.48 
0.47 
0.47 
0:48 
0.42 
0.37 
0.36 
0. 32 
0.39 
0. 42 
0.46 
0.54 
0.60 
0.44 

BURNING TIME 


PREFIRING SURFACE 

POSTFIRING SURFACE 

CHAR DEPTH <* 


// 

/ INLET 

INSULATION 


THROAT 
INSULATION . 


EXIT CONE 
INSULATION 
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TABLE 20 


TIT-622 NOZZLE DATA, LCCM-4120 



81 

















































































TABLE 21 


TU-622 NOZZLE DATA, SP-8030-96 


CONTOUR 

EROSION 

2. 32 
2.48 
2.62 
2.80 
2.92 

3. 04 
3.16 
3.28 
3.40 

: 3.46 

i 3.50 

3.46 
3.44 
3.40 
3. 38 
3.34 
3.30 
3. 26 
3. 22 

3.16 
3. 10 
3. 02 
2. 84 
2.52 
2. 12 
1. 62 

1.16 


J MATERIAL CHAR 


2.74 

0.04 

0.22 

1.05 

2.88 

0.08 

0.24 

2.11 

3. 00 

0.12- 

0.28 

3. 16 

3.12 

0.16 

0.32 

4. 22 

3. 22 

0.20 

0.38 

5.27 

3. 34 

0.29 

0. 41 

7.65 

3.38 

0.42 

0.54 

11.08 

3. 34 

0. 72 

0.60 

15.82 

3. 34 

0. 63 

0.73 

16. 62 

3.30 

0. 64 

0.74 

16.88 

3. 26 

0.62 

0.74 

16. 36 

3. 22 

0.64 

0.76' 

16.88 

3.18 

0.60 

0.72 

15.83 

3. 12 

0.58 

0.72 

15.30 

3.08 

0. 54 

0.68 

14.25 

3. 00 

0.50 

0.66 

13.19 

2.92 

0.46 

0.64 

12.13 

2. 84 

0.42 

0.60 

11.08 

2. 64 

0.46 

0.66 

12.13 

2. 30 

0.46 

0.68 

12.13 


; 0.64 

I 0.54 

I 0.44 

BURNING TIME 


Ay 

Ao 

//y INLET 
( /y INSULATION 


THROAT 

INSULATION 


i I- I I I' I I I I I I I I ' I I I I I I Ill 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 
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TABLE 22 


TU-S22 NOZZLE DATA* MXS-188 INLET. SILICA SEGMENTED THBOAT, LCCM-2626 DSY EXIT 


EROSION RATE 
(MILS/SEC) 



- PREPmiNG SURFACE 

- POSTFIRING SURFACE 
. CHAR DEPTH„^-— 


^MX-aeeo silica 


"ASrROLITE 1401P SILICA MOLDING 


MI^T 

INSULATION 


^ 45 DEG 

THROAT 
INSULATION 


MXS-198 SILICA 


EXIT CONE 
INSULATION 


LCCM-2628 DRY 


^ 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

STATION 




























































































TABLE 2Z 


TU-622 H02ZLE DATA, 23-RFD 
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TABLE 24 


MATEBIAL 

LOSS 


EROSIOK rate 
MILS/SEC 



LEGEND 

' PREEIRING SURFACE 

- POSTFIRING SURFACE 

- ESTIMATED SURFACE -■ 


BURNING TIME 39. 35 SEC 



INLET INSULATION 



EXIT CONE INSULATION 


I I 1 ! i i I I 

0 1234 567 


i I I I 1 

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 
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TABLE 25 

TD-622 MOTOR MATERIAL PERFORMANCE 




E0OSOOTi \ 
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CONVECTIVE HEAT TRANSFER COEFFICIENT 
,H/Cp (LBM/SQ FT SEC) 


EEEceding page blank not filmed. 


E>t - 1. 74 
Cp = 0, 435 



~12 -10 -8 -6 -4 -2 0 2 4 6 

AXIAL DISTANCE (IN.) 


THRO_AT 



24535-17 


Figure 56 . TU-622 Motor Convective Heat Transfer 
Coefficient vs Axiai Location, Carbonaceous Materials 
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l^EDICTBD EROSION RATE (MILS/SEC)- ^ 

P 

Figure 58 T0-S22 Erosion Pcrfortoaftce, LCCM-4120 
(Graphite Pnrttelc l>honoIie> 



PKEOICTED EROSION RATE (MlL5/SEa 


Figure 59. TU-379 Erosion Performance, LCCM-4120 
(Graphite Particle Phenolic) 








actual erosion rate (MILS/SEC) 


INLET 


TU-379 MOTORS 

f O NO. 1012 
O NO. 1013 
O NO. 1014 
NO EXIT CONE EROSION 


POINTS CONSIDfiRED 
QUESTIONABLE 



Figure 61. TU-379 Motor Erosion Performance, 4C-1686 
(Carbon Cloth Polyplionylone) 


24523-8 



• EXIT CONE 
O INLET, THROAT 



• Figure TU-622 Motor Erosion Performance, SP-8057 
<Fluton H-i Cloth Phenolic) 


-ACTUAL' EROSION-RATE (MILS/SEC), 



0 , 2 4 6 8 10 12 

PREDICTED EROSION RATE <Mtt,S/SEC) ff/Cp (fl 12.000 
P 


Figure 63. TlJ-379 Motor Erosion Performance,- SP-8057 
(Pluton H-1 Qoth Phenolic) 


24635-0 






ACTUAL EROSION RATE (MILS/SECJ 


ipoio s/3 vivxooAy) 

ISI8-flM 'ojuBuuojJsj U0JS0J3 aojoK 2J9-Rj. 't-9 o-inSu 

3iV«Noiso«H aaiotaaad 



ACTUAL EROSION HATE (NflLS/SEC) . 




EROSION RATE (MILS/SEC) 



Figure 66. TU-622 Motor Erosion Performance , MXCS-198 (Avceram C/S Cloth Epoxy Novolac) 




TU-622 HIGH C/O RATIO MATERIAL PERFORMANCE 


Material Erosion Performance 
at Predicted Erosion Rate of 


7, 0 mils/sec Material Cure Cycle 


Material 

Theoretical Line 
(mils/sec) 

Actual Line 
(mils/ sec) 

Pressure 

(psi) 

T emperature 

m 

Reinforcement 
Resin Ratio 

Reinforcement and 
Resin Type 

LCCM-2610 

7.00 

3.40 

1,000 

315 + 10 

3/1 

Graphite particle 
and phenolic 

LCCM-4120 

7.00 

■5.30 

15 

315 + 10 

3/1 

Graphite particle 
and phenolic 

4C-1686 

7.00 

3.00 

225 

350 + 5 

1.44/1 

Carbon cloth and 
polyphenylene 

SP-8057 

7.00 

7:oo 

225 

315 + 10 

Oi 96/1 

Carbon cloth and 
phenolic 

WB-8251 

7.00 

7.5 

Est. 

225 

315 + 10 

1.56/1 

Carbon -silica cloth 
and phenolic 

MXCS-^198 

7.00 

6.4 

Est. 

15 

315,+ 10 

1. 08/1 

(^arbon-silica cloth 
and epoxy novolac 




Figure 67, TU-622 Material Test Motor Total Heat Flux vs Axial Location 



TOTAL HEAT FLUX QT <BT tJ/SQ FT-SEC) 



Figure '68. TU-379. Material Screening Motor Total 
Heat Flux vs Axial Location (Silica Material) 


97 . 




TOTAL HEAT FLUX, QT {BTU/SQ FT-SEO) 



Figure 69 TU-379 Material Screening Motor, Total Heat Flux 

, vs Axial Location (Paper Material) 
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TOTAL HEAT FLUX QT (BTU/SQ FT - SEC) 



Figure '70, TU-379 Material Screening Motor Total 
Heat Flux vs Axial Location (Asbestos Material) 
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EROSION RATE (MILS/SEC) 



Figure 7t. Erosion Performance Line for Low C/0 Ratio Material 
(Silica SP-8030-96) 
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T0-379 MOTORS 



24535^3. 


Figure 72* TU-379 Motor Erosion Performance, 
SP-8030-96 (Silica Cloth Phenolic) 
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ACTUAL\EROS[ON RATE'(MILS/SEO) 



TOTAL HEAT FLUX, QT (BTU/^ FT~SEC) 


Figure 74, TU-579 Motor Erosion Performanoc,MXS-l98 
(Siiica Cloth Epoxy Novel ac> 


24535-7. 






ACTUAL EROSION RATE (ME.S/SEC) 



ACTUAL EROSION RATE (MILS/SBO 





ACTUAL EROSION RATE (MILS/SEC) 



ACTUAL EROSION RATE (laLS/SEC) 
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TABLE 27 


TU-622 LOW C/0 RATIO MATERIAL PERFORMANCE AT THE THROAT 


Erosion Performance 


Material 

Total Heat 
Fiux Qt 

Actual 
(mi Is /sec) 

R einfor c ement/ 
Resin Ratio 

Reinforcement and. Resin Type 

SP-8030-96 

525 

16.5 

2.57/1 

Double thick silica cloth and phenolic 

MXS-198 

N/A 

N/A 

2.22/1 

Silica cloth and epoxy novolac 

MX-2600 

565 

i7.0 

N/A 

Silica cloth and phenolic 

23-RPD 

725 

14.0 

1.70/1 

Asbestos cork filled mat and phenolic 

SMS -21 

1,450 

13.3 

N/A 

'Paper mat and phenolic 



ULTIMATE STRESS (PSI) 


O ULTIMATE TENSILE STRENGTH (WARP DIRECTION) 

X ULTIMATE TENSILE STRENGTH (FILL DIRECTION) 

□ ULTIMATE-COMPRESSIVE STRENGTH (WARP DIRECTION) 
A ULTIMATE COMPRESSIVE STRENGTH (FILL DIRECTION) 
0 ULTIMATE INTERLAMINAR SHEAR STRENGTH 


468 MINIMUM (FILL MRECTION) 
686 MAXIMUM (WARP DIRECTION) 


481 MINIMUM (FILL DIRECTION) 
600 MAXIMUM (WARP DIRECTION) 


0 1,000 


361 MINIMUM (FILL DIRECTION) 
447 MAXIMUM (WARP DIRECTION) 


2,000 3,000 4,000 5,000 

TEMPERATURE (“F) 


Figure 79» Mechanical Properties vs Temperature, 
WB-8251 (Avceram C/S Cloth Phenolic! 
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ULTIMATE STRESS (PSl) 


O ULTIMATE TEI^ELE STRENGTH 
O ULTIMATE COMPRESSIVE STRENGTH 
D ULTIMATE INTERLAMINAR SHEAR STRENGTH 

AVERAGED VALUES ARE SHOWN EXCEPT WHERE NOTED. 
. DASH LINES ARE EXTRAPOLATED TO APPROXIMATE 
SUBLIMATION TEMPERATURE^ 

REP AFRPL TR-67-310 "EVALUATION OP LOW COST 
_______ MATERIALS AND MANUFACTURING PROCESSES FOR 

LARGE SOLED 'ROCKETS." 


, no MINIMUM 
117 MAXIMUM 


NOTE; 

THIS MATERIAL ESSENTIALLY 
ISOTROPIC, 


. 100 MINIMUM 
62 MAXIMUM 


“ 119 ONE SPECIMEN; OTHER FAILED DURING SETUP 


1,000 2, 000 3, 000 4» 000 5,000 6 , 000 


TEMPERATURE (“F) 


Figure 80’._Mechanical Properties vs Temperature, 
LCCM-4120 (Graphite Particle PhenollcJ 



ULTIMATE STRESS (PSI) 


O ULTIMATE TENSILE STRENGTH 
Q ULTIMATE COMPRESSIVE STRENGTH 
U ULTIMATE INTERLAMINAR SHEAR STRENGTH 



•AVERAGED 
DASH LINE 
SUBLIMATI 
REFAFRP] 
MATERIAL 
LARGE SOI 

VALUES AR] 
S ARE.EXTR/ 
ON'TEMPERj 
[, TR-67-310 
3 AND MANU 
SID ROCKETS 

E SHOWN.EX 
iuPOLATED T 
\TURE., 
'EVALUATIO 

factoring 

DEPT WHER] 
OAPPROXDV 

N'OF LOW C 
PROCESSES,] 

: NOTED. 
[ATE 

OST 

FOR . __ 













1 



_ 144 MINIMI] 
’ 192 MAXIMI 

M 

[JM 



V 


1 

1 NOTE: THl 
- 107 
1 ■ 

:s MATERIA! 

, WAS ESSEN' 
ISOTR 

HALLY 

OPIC. 



193 

36 





2,000 3,000 4,000 

TEMPERATURE (“F) 


5,000 6,000 



Figure 81. Mechanical Properties vs Temperature, 
LfeCM-2^10 (Graphite Particle Phenolic) 
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ULTIMATE STRESS (PSI) 


O ULTIMATE TENSILE STRENGTH {WARP DIRECTION) 

X ULTIMATE TENSILE STRENGTH (FILL DIRECTION) 

O ULTIMATE COMPRESSIVE STRENGTH {WARP ISRECTION) 

A ULTIMATE COMPRESSIVE STRENGTH (FILL DIRECTION) 

D ULTIMATE INTERLAMINAR SHEAR STRENGTH 

- , 1 1 

AVERAGED VALUES ARE SHOWN EXCEPT WHERE NOTED. 
DASH LINES ABOVE 600“F ARE EXTRAPOLATED TO 
APPROXIMATE SUBLIMATION TEMPERATURE. 


, 555 MINIMUM (FILL DIRECTION) 
7S7 MAXIMUM (WARP DIRECTION) 


^ 500 MINIMUM (WARP DIRECTION) 
628 MAXIMUM (WARP ISRECTION) 


. 284 MINIMUM (WARP DIRECTION) 
354 maximum (FILL DIRECTION) 


2,-000 3,000 


TEMPERATURE (“F) 


Figure 82. Mechanical Properties vs Temperature, 
SMS-21 (Kraft Paper Phenolic) 
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on 


(onouaq^ qjoQ/so^saqsv) adH“8S 

sa saiiiadoiij XBomVqoai^ *€8 ainSi^ 


' (NoixoaHia- r[aM)-wniAiiNiM, sz9 , . . 

(NOIXOaHKI <raVA\) WQWIXVW ST0‘I - a«009 
{Noixoaaia mia) wfiwuNiw 989 
(NOixoaaia davAV) wniAiixvw ost't - a.ooe 
(NOixoama nia) wawiwiw 090 ‘t 
(N oixoama dHVAv) lAuimxvw osi ‘ i - 'x *a 

. (a,) 3HnxvH3dwax 

000 ‘t 000 ‘e 000‘s ooo't o 


000 ‘9 000*3 


aHOXvHadwax nova xv - 

Krr>TT.r>’??na dHVM N1 SaSSaHXS HV3HS H3H0IH 


11 *8X3X003 crnos aoavi 

30d sassaooHd oNianxovanNviM oxv STcviaaxvw 

XSOO AiOT dO NOIXVmVA3ii 0Te-A9-HX ndHdV 333 " 

I . :a 3 QxvHadKax,Noisna 

axvwixoaddv ox aaxviodvaxxa aav saNii Hsva 
*aaxoN.aaaHJA xdaoxa jstavoh s aav samvA oaovagAv 

HXONanxs 3V3HS 3VNiravT:aaxNi'axvMix'in 0’ 

{NoixoaHia aara) hxonxhxs aAissaadwoo axvMxan v 
(NOixoama dHVAv) 'HXONaaxs aAissaadMoO'axvwixan □ 
QiOixoaHia aaia) hxoxhhxs aaisNax axvwixan x 
(NoixoaHia ddVAi) moNaaxs aaisNax axviAaxan o 


ULTIMATE STRESS (PSI) 


i;n 

(oitonaq^ ^<>10 X'H iSOS'dS 

"ajn^x^jadniax sa sait^jadoj^ ’t 8 


(Noixoama dHVA\) v/n 

(do) adnxvHadwax 


000*9 000*9 000 000*8 000 ‘S 000*1 0 



HiONaHis avans avNiwvaHaxNi axvwixiQ a 
(Noixoaaia aaia) HxoNaaxs aAissaadwoo axvmxaii v 
(Noixoania davA\) HXDNaaxs aAissaadwoo axvmxan □ 


(Moixoaaia aaia) HxoNaaxs aaiswax axvwixan x 
(Noixoaaia davAO HxoNaaxs aaisNax axvwixan o 


ULTIMATE STRESS (PSI) 



ULTIMATE STRESS (PSI) 


O ULTIMATE TENSILE STRENGTH (WARP DIRECTION) 

X ULTIMATE TENSILE STRENGTH (FILL DIRECTION) 
a ULTIMATE COMPRESSIVE STRENGTH (WARP DIRECTION) 

A ULTIMATE COMPRESSIVE STRENGTH (FILL DIRECTION) 

D ULTIMATE INTERLAMINAR SHEAR STRENGTH 

AVERAGED VALUES ARE SHOWN EXCEPT WHERE NOTED. 
DASH LINES ARE EXTRAPOLATED TO APPROXIMATE 
SUBLIMATION TEMPERATURE. 

REF AFRPL TR-67-310 "EVALUATION OF LOW COST 

MATERIAIB AND MANUFACTURING PROCESSES FOR 

LARGE SOLID ROCKETS." 



1,020 MINIMUM (FILL DIRECTION) 
1,290 MAXIMUM (WARP DIRECTION) 


861 MINIMUM (FILL DIRECTION) 
997 MAXIMUM (WARP DIRECTION) 


847 MINIMUM (FILL DIRECTION) 
1, 070 MAXIMUM (FILL DIRECTION) 
880 AVERAGE (WARP DIRECTION) 




1,000 2,000 3,000 4,000 5,000 

TEMPERATURE (’F) 


Figure. 85. Mechanical Properties vs Temperature, 
46-1686 (Carbon Cloth Polyphenylene) 
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ULTIMATE STRESS (PSI) 


O ULTIMATE TENSILE STRENGTH <WARP EIHECTION) 

X ULTIMATE TENSILE STRENGTH (FILL DIRECTION) 

D ULTIMATE COMPRESSIVE STRENGTH {WARP DIRECTION) 



0 1,000 2,000 3, 000 4, 000 5,000 6,000 


TEMPERATURE <"F) 

24535-44 


Figure 86. Mechanical Properties vs Temperature, 
MXS-198 (Silica Cloth Epoxy Kovolac) 
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ULTIMATE STRESS (PSI) 


_0 . ULTIMATE TENSILE STRENGTH flVARP DIRECTION) 
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Figure 87>. Mechanical Properties vs Temperature, 
SP-8030-96 (Silica Cloth Phenolic) 
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TABLE 28 


HIGH TEMPEEATURE COMPRESSION TESTS 



Test 

Ultimate 


Test 

Ultimate 


Temperature 

Compression 


Temperature 

Compression 

Material 

(“F) 

(psi) 

Material 

(•^F) 

_(ps_i) __ 

SP-8030-96 

1,930-1,950 

2,120 

LCCM-2626 

1,930-1,950 

3,620 

(Heavyweight 

1,930-1,950 

2,920 

(Graphite particle 

1,930-1,950 

3,600 

silica fabric . 

1,930-1,950 

3,120 ' 

phenolic) 

1,930-1, 950 

3,520 

phenolic) 


Avg 2,720 



Avg 3, 580 


1,250 

3,175 


1,200 

1,180 


1,225 

4,490 


1,225 

3,600 


1,200 

2,870 


1,250 

1,380 



Avg 3,510 



Avg 2,050 

23-RPD 

1,950 

2,590 

LCCM-4120 

1,900-1,950 

1,910 

(Cork filled 

1,950 

2,105 

(Graphite particle 

1,900-1,950 

2,550 

asbestos 


1,005 

phenolic) 


Avg 2,230 

phenolic) 


Avg 1, 900 


1,220 

2,350 


1,250 

1,855 


1, 200 

2,375 


1,250 

2,075 



Avg 2,360 


1,225 

1,975 

KF-418 

1,950 

Burned out 



Avg 1,970 

(Canvas cloth 

1,250 

260 Prior to 

4C-1686 

1,950 

1,575 

phenolic) 


burnout 

(Carbon fabric 

1,950 

1,875 




polyphenylene) 

1,950 

1.V35 






Avg 1,730 





1,200 

2,770 





1,200 

2,350 





1,200 

2,885 






Avg 2,670 






TABLE 29 


THEEMAL CONDUCTIVITY OF NOZZLE MATEBIALS 


Material 


Thermal Conductivity (Btu/in, ) /(sq £t/sec/”F) 


32°F 


207 "F 


23-KPD 


4C-1686 


SP-8030-96 


SP-8057 


LCCM-2626 



2. 

39 

X 

10“^ 

2.05 

X 

10-4 


2. 

18 

X 

10-4 

2.05 

X 

10-4 

Avg 

2. 

29 

X 

10-4 

' 2.05 

X 

10-4 


4, 

96 

X 

O 

I 

4.44 

X 

10-4 


5, 

18 

X 

10-4 

4. 30 

X 

10-4 

Avg 

5. 

07 

X 

10-4 

4. 37 

X 

10-4 


3. 

60 

X 

10-4 

2. 31 

X 

10-4 


3. 

31 

X 

10-4 

2.46 

X 

10-4 

Avg 

3. 

46 

X 

o 

1 

2.38 

X 

10-4 


4. 

51 

X 

10-4 

4. 24 

X 

10-4 


4. 

61 

X 

10-4 

4. 37 

X 

10-4 

Avg 

4. 

56 

X 

10-4 

4. 32 

X 

10-4 


10. 

62 

X 

10-4 

11. 41 

X 

10-4 


10. 

70 

X 

10-4 

12. 23 

X 

10-4 

Avg 

10. 

66 

X 

10-4 

11. 82 

X 

10-4 
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TABLE 30 


SPECIFIC HEAT OF NOZZLE MATERIALS 


Specific Heat (Btu/lb/"F) 


Material 


32®F 

144®F 

200®F 

300®F 

600*^* 

900 ®F* 

23-RPD 


0.383 

0.296 

0.294' 

0.'316 

0.351 

0.358 



0.385 

0.290 

0.298 

0.320 

0.345 

0.368 


Avg 

0.384 

0.293 

0.296 

0,318 

0..348 

0.363 

4C-1686 


0.303 

0.253 

0.244 

0.274 

0.325 

0.376 



0.306 

0.260 

0.244 

0.273 

0.325 

0.377 


Avg 

0.304 

0.256 

0.244 

0.274 

0.325 

0.377 

SP-8030-96 


0.319 

0.222 

0.223 

0.248 

0.279 

0.303 



0.311 

0.218 

0.217 

0.248 

0.277 

0.307 


Avg 

0.315 

0.220 

0.220 

0.248 

0.278 

0.305 

SP-8057 


0.326 

0.300 

0.297 

0.336 

0.354 

0. 388- 



0.329 

0.306 

0.298 

0.340 

0.358 

0.364 


Avg 

0.328 

0.303 

0.296 

0.338 

0.356 

0.376 

LCCM-2626 


0.300 

0.215 

0.235 

0.259 

0.317 

0.352 



0.292 

0.214 

0.234 

0.273 

0.319 

0.357 


Avg 

0.296 

0.215 

0.235 

0.266 

0.318 

0..355 


^Samples exhibited significant weight loss at 600® and 900 ®F. The sample weight 
used to calculate the specific heat was the weight after heating to these 
temperatures . 
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Figure 88. Carbon Polyphenylene 4C-1686, 
Coefficient of Thermal Expansion vs Temperature 
(with Lamina Laboratory Virgin Material) 
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Figure 89. Carbon Phenolic SP-8057, 
Coefficient of Thermal Expansion vs Temperature 
(with Lamina Laboratory Virgin Material) 

il9 
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COEFFICIENT OF THERMAL EXPANSION* (IN. /IN. -®F x 10 



Figure 91. Silica Phenolic SP-8 030-96, 
Coefficient of Thermal Expansion vs Temperature 
(with Lamina Laboratory Virgin Material) 
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• Figure. 92. Asbestos Phenolic 23-RPD, 
Coefficient of Thermal Expansion vs Temperature 
(with Lamina Laboratory Virgin Material) 
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TABLE 31 


LIST OF MATEHIAL CANDIDATES FOR THE , SUBSCALB NOZZLE TASK 


Number 

Family 

Material 

Vendor 

General Desorlntlon 

1 

LOOM 

LCCM-2Q26 

Thiokol 

Graphite particle - phenolic molding compound 

2 


LCCM-4120 

Thiokol 

Grai^lte particle - phonollo casting compound 

3 

Carbon reinforced 

SP-80S7 

Armour 

Pluton-H fabric- EC-201 phenolic 

4 


4C16S6 

Coast 

GS-CC2 carbon fabric- polyphenylene 

5 


SD-8050^ 

Armour 

CCA-1 carbon-EC-201 phenolic 

6 


WB-8217^ 

Cordo 

Carbon fabric - WB-2233 phenolic 

7 


MX“4920'^ 

Fiber ite 

Carbon fabric - phonollo 

8 

Aveeram reinforced 

WB-8251 

Cordo 

Aveeram C/S - WB-2233 phenolic 

9 


Mxcs-isa*^ 

Flberlto 

Aveeram C/S - cpojy novolac 

10 

Silica reinforced 

SP-8030-96 

Armour 

C-100-96 sOlca fabric- EC-201 
phenolic resin 

11 


MXS<196 

Fiberite 

C-100-90 hlllca fabric- epoxy novolac 

12 

AsbeBtos reinforced 

23-RPD 

RayboBtos- 

Monhattan 

Cork filled asbestos phenolic 

13 


MXA“6012°^ 

Fiberite 

Crocidolite asbeatos 

14 

Cotton or paper 
reinforcement 

KF-dlS*^ 

Flberlto 

Canvaa duot-SC-1008 phenolic 

IS 


FM-6272'^ 

US Polymeric 

Kraft crepe paper-USP 100 phenolic 

16 


SMS-21 

Thiokol 

Paper phenolic 


^Matorlala preselected lor subacalo evaluation ’by NASA and ThlokoLChemloal Corporation. 
^’Materials not tested 


Specific 

GraWb' 


1.44 


1,40 


1.61 
1. 36 

1.34 

1.3 


Raw Material Cost 



0.75 

0.75 

15.00 
20.60 
10.50 

20.97 

19.00 

12.97 

4.90 

6.10 

4.25 

1.85 

1.50 

2.00 

1.20 
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Figure 93. Subscale Nozzle Test Motor Assembly 




Figure 94. Subscale Aft Closure 
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TABLE 38 


SUBSCALE NOZZLE MATERIALS TEST LOCATION 


■ 

8.12 By 

1.18 


8,12 Dy 
1,19 f-1.0 

1 




^ «=2 

.re 













TESTED MATERIALS 




A 

B 

C 

0 

£ 

F 

G 

H 

I 

J 

I 

L 

FM-5272 

PAPER 

PHENOLIC 


WB-8217 

CARBON 

PHENOLIC 

MX-4S2G 

CARBON 

PHENOLIC 

SP-80SO 

CARBON 

PHENOLIC 

- 

KF-418 

CANVAS 

PHENOLK 


MXA-6012 

ASBESTOS 

PHENOLK 

MXA-6012 

ASBESTOS 

PHENOLK 

2 

n 

MXA-0012 

ASBESTOS 

PHENOLIC 

4C-1688 

CARBON 

POLY- 

PHENYISNE 

4C-168G 

CARBON 

POLY- 

PHENYIENB 

LCCM-2626 

GRAPIUTE 

PARTTCUS 

PHENOLIC 

LCCM-2626K 

GRAPHITE 

PARTICLE 

?EC^OTEn 

LCCM-2626X 

GRAPiirrE 

PARTICLE 

PHENOLK 

SEGMENTED 

LCCM-2626X 

GRAPHITE 

PARTICI^ 

PHENOLIC 

SEGMENTED 

FM-5063 

CARBON 

PHENOLK 

1881 GLASS 
PHENOLK 

23-RPD 

ASBESTOS 

CORK 

PHEKOIK 

3 

I 

23-BPD 

ASBSSTt^ 

CORK 

PHENOLIC 

SP-8057 

CARBON 

PHENOLIC 

SP-8057 

CARBON 

phenolk; 

SP-8050 

CARBON 

PHENOLK 

SP-8057 

CARBON 

PHENOLIC 


SP-8030-96 

SILICA 

PHENOLIC 


23-'RPD 

ASBESTOS 

ccaiK 

PHENOLIC 

FM-5272 

PAPER 

PHENOLK 

4 

I 

KF-418 

CANVAS 

PHENOLIC 

KF-418 

CANVAS 

PHENOLIC 

SP-8039-9G 

SILICA 

PHENOLIC 

SP-8O30-SG 

SILICA 

PHENOLIC 

23-RPD 

ASBESTOS 

CORK 

PHENOLIC 

- 

MXS-19S 

SILICA 

EPOXY 

NOVOLAC 

- 

KF-418 

CANVAS 

PHENOLK 

SP-8030-S6 

SILKA 

PHENOLK 

5 

n 

KP-418 

CANVAS 

PHENOLIC 

sp-saso-^s 

SILICA 

PHENOLIC 

LCCM-2620 

GRAPHITE 

PARTICLE 

phenolk; 

LCCM-2S2G 

GRAPHITE 

PARTICLE 

■L<X;M-2626X 

GRAPHITE 

PARTICLE 

PHENOLK 

LCCM-4120 

GRAPHITE 

PARTICLE 

PHENOLK 

LCCM-4120 

GRAPHITE 

PARTKLE 

PHENOLK 

KF-418 

CANVAS 

PHENOLK 

1581 GLASS 
PHENOLK 

23-RPD 

ASBESTOS 

CORK 

PHENOLIC 

6 

I 

SP-8030-9G 

SILICA 

PHENOLIC 

FM-5272 

PAPER 

PHENOLIC 

SP-8030-96 

SUACA 

PHENOLIC 

SP-8057 

CARBON 

PHENOLIC 

KF-418 

CANVAS 

PHENOLK 

- 

FM-5272 

PAPER 

PHENOLK 


FM-6272 

PAPER 

PHENOLK 

KF-418 

CANVAS 

PHENOLK 


24535>63 
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1 



Figure '97. Subscale Nozzle No. X Thermal Gradient Planes 



TEMPERATURE (’F) 



Figure 98'. Nozzle No. 1 Thermal Gradient, Throat Section No. 5 
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DBFtECTXON ON.) 



Figure 99 » Stage II Minuteman Structural Aualyeis 
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24535-97 


Figure 100. Nozzle Closure Modification 
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TABLE 33 


Component and Materials 

Exit Cone Assembly 
SP-8050 
KF-418 
MXA-6012 


Throat BUlet 
MX-4926 

Throat Backup 
MXA-6012 


Met Hlng Billet 
WB-8217 


Nose Ring Billet 
WB-8217 


Backside Insulation Billet 
FM-5272 


NOZZLE NO. 1 COMPONENT FABRICATION 


Fabrication Method 

Tape wrap halfway up cone mandrel with 6 in. SP-8050 tape, 
switch to 6 in. KF-418 tape, and complete wrapping of cone. 
Autoclave cure. Overwrap full length of cone with 1 l/2 in. 
MXA-6012 tape. Autoclave cure. 


Cut 900 "coolie hat" plies. Install in compression tool, 
debulking as required. Install male punch and press cure. 

Tape wrap cylindrical mandrel with 5 in. MXA-6012 tape. 
Autoclave cure. 


Cut 130 deg ply patterns. Install in mold, butting ply ends 
together, Debtdk as required. Install male punch and 
press cure. 

Tape wrap 5 in. WB-8217 on cylindrical mandrel, debulking 
as required. Autoclave cure. 

Tape wrap full length of cone mandrel with 6 in. FM-5272 
tape. Overwrap full length with 3 in. FM-5272 tape. Auto- 
clave cure. 


Cure 

Cure No. 1. Apply vacuum and 225 psi positive pressure. 

Cure 1 hr at 200° F, 1 hr at 250° F, 6 hr at 300° F. Cool to 
150“ F under pressure. 

Cure No. 2 . Apply vacuum and stage 3 hr at 180° P. Apply 
225 psi 1/2 hr at 200“ F. Cure l/2 hr at 225* F, 1 hr at 250° F, 

1 hr at 275“ F, 4 hr at 300° F. Cool to 150° F under pressure.- 

Apply 225 psi (calculated) . Cure 2 hr at 200“ F, 2 hr at 250° F, 

6 hr at 320° F. Cool to 150“ F under pressure. 

Apply vacuum and stage 3 hr at 180“ F; apply 225 psi. Cure 
1/2 hr at 200° F, l/2 hr at 225“ F, 1 hr at 250° F, 4 hr at 300“ F. 
Cool to 150° F under pressure. 

Apply 225 psi (calculated) . Cure 1 hr at 200“ F, 1 hr at 250° F, 

3 hr at 300° F, Cool to 150° F under pressure. 

Apply vacuum and 225 psi positive pressure. Cure 1 hr at 
200“ F, 1 hr at 250° F, 6 hr at 300° F. Cool to 150“ F under 
pressure. 

Apply vacuum and 225 psi; stage 3 hr at 180° F, Cure 1-1/2 hr 
at 250° F, 6 hr at 310° F. Remove from mandrel while hot 
(180^ -200“ F). 
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TABLE 34 


NOZZLE NO. 2 COMPONENT FABRICATION 


Component and Materials 


Fabrication Method 


Cure 


Exit Cone Assembly 
LCCM-2626 
Glass-Phenolic Tape 


Throat Billet 
LCCM-2626 

Throat Backup Billet 
23-RPD 


Inlet Ring Billet 
. 4C-1686 


Nose Ring Billet 
4C-1686 


Backside Liner Billet 
MXA-6012 


Compression mold billets of LCCM-2626. Machine into 
segments. Bond segments together on mandrel and overwrap 
with glass phenolic tape. Autoclave cure. Machine tiers and 
assemble together. 


Add molding compound to compression tool', install male 
punch and press cure. 

Tape wrap cylindrical mandrel with 5 in. 23-RPD tape. 
Autoclave cure. 


Cut 130 deg ply patterns Install in mold, butting ply ends 
together. Install male punch and press cure. 


Tape wrap cylindrical mandrel with 5 in. tape. Autoclave 
cure. 


Make two full-length wraps of conical mandrel with 5 in. tape. 
Autoclave cure. 


Cure No. 1 - LCCM-2626. Load tool with calculated quantity 
of molding compound. Apply 200 tons pressure. Cure 10 hr 
at 325* F. 

Cure No. 2 - Overwrap. Apply vacuum and 225 psi autoclave 
pressure. Cure 2 hr at 200" F, 2 hr at 250" F, 4 hr at 310" F. 
Cool under vacuum and pressure to 150" F. 

Apply 1, 000 psi. Cure 6 hr at 325" F. 


Apply vacuum and stage 2 hr at 180* F; apply 225 psi. Cure . 

2 hr at 180" F, 2 hr at 240 "F, 2 hr at 270" F, 3 hr at 310* F. ' 
Cool to 150" F under vacuum and pressure. 

Apply 225 psi. Cure 2 hr at 180" F, 2 hr at 210"F, 2 hr at 
240" P, 2 hr at 270" F, 2 hr at 300" F, 5 hr at 350" F. Cool to 
160" F under pressure. 

Apply 225 psi. Cure 2 hr at 180" F, 2 hr at 210" F, 2 hr at . 
240" F, 2 hr at 270" F, 2 hr at 300" F, 4hrat 350"F. Cool 
under vacuum and pressure to 160 "F. 

Apply vacuum, stage 3 hr at 180" F, apply 225 psi. Cure 2 hr 
at 200" F, 2 hr at 225" F, 2 hr at 250" F, 2 hr at 275“ F, 6 hr at 
310" F. Cool under vacuum and pressure to 150? F. 
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TABLE 35 


NOZZLE NO. 3 COMPONENT FABRICATION 


Component and Materials 

Exit Cone Assembly 
SP-8057 Forward 
SP-8030-96 Aft 
23-RPD Overwrap 


Throat Insert Billet 
SP-8050 


Throat Backup Billet 
FM-5272 


I ■ Inlet Ring Billet 
SP-8057 


Backside Liner Billet 
23-EPD 


Nose Ring Billet 
SP-8057 


’Fabrication Method 

Wrap forward portion of conical mandrel with 6 m. SP-8057 
tape. Wrap aft portion with 6 in. SP-8030-96 tape. Autoclave 
cure. Overwrap cone with 2-1/2 in. 23-RPD tape. Autoclave 
cure. 


Hand layup "coolie hat" method. Cut required number of plies. 
Install in compression tool with 45 deg starter ring in bottom. 
Debulk. Install male punch and press cure. 

Tape wrap on cylindrical mandrel with 5 in. tape. Install 
vacuum bag and autoclave cure. 

Cut required number of plies. Hand layup m mold. Debulk 
as required. Install male punch and press cure. 

Tape wrap full length of conical mandrel with 5 in. 23-RPD 
tape, stage. Overwrap full length of cone with 5 in. 23-RPD, 
tape. Autoclave cure. 

Tape wrap 5 in. SP-8057 on cylindrical mandrel, debulklng 
as required. Autoclave cure. 


Cure 

Cure No. 1. Apply vacuum and 225 psi. Cure 2 hr at 180® F, 

2 hr at 200" F, 3 hr at 225"F, 3 hr at 250"F, 3 hr at 275"F, 

6 hr 310® F. Cool under pressure to 150" F at a rate not to 
exceed 25° F per l/2 hr. 

Cure No. 2. Apply vacuum and stage 3 hr at 180" F. Apply 
225 psi. Cure 3 hr at 250° F, 6 hr at 310" F. Cool as in No. 1. 

Apply 225 psi (calculated) . Cure 2 hr at 200° F, 2 hr at 250° F, 
6 hr at 320"F. Cool to 150°F under pressure. 

Apply vacuum and 225 psi. Cure 1 hr at 180° F, 2 hr at 250° F, 
4 hr at 310° F. Cool to 200" F and remove from mandrel while 
hot. 

Apply 225 psi (calculated). Cure 2 hr at 180° F, 2 hr at 250° F, 
2 hr at 275" F, 4 hr at 310" F. Cool to 160" F or lower under 
pressure. 

Stage 1st wrap under vacuum for 3 hr at 180* F. After 2nd 
wrap (oyerwrap) stage as for nose ring billet below. Apply 
225 psi. Cure 2 hr at 200° F, 2 hr at 250° F. 6 hr at 310° F. 
Cool to 150° F or lower under pressure. 

Apply vacuum and 225 psi. Cure 2 hr at 180° F, 2 hr at 210 F, 
2 hr at 240° F, 2 hr at 270° F, 4 hr at 300° F. Cool to 160° F 
or lower under pressure. 
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TABLE Se 


NOZZLE NO. 4 COMPONENT FABBIGATION SUMMARY 


Component and Materials 


Fabrication Method 


Cure 


Exit Cone Assembly 
23>-RPD Fpnvardi 
MXS-198 Aft 
KF-418 Overwrap 


Throat Billet 

SP-8030-96 


Throat Baclmp 
SP-8030~96 


Inlet Billet 

SP-8030-96 


Nose Billet 
KP-418 


Backside Liner 
IO?-4X8 


Wrap forward portion of conical maiidrel with 6 in, 23-RPD 
tape. Cure No. 1. Wrap aft portion with 6 in. MXS-198 tape. 
Cure No. 2. Overwrap entire cone with 2-1/2 in. KP-418 
tape. Cure No. 3. 


Hand layup ’’coolie hat” method. Cut required number of plies. 
Install in compression tool with 45 deg starter ring m bottom. 
Debulk, install male punch* and press cure. 

Tape wrap on cylindrical mandrel ^vith 5 in, tape. Autoclave 
cure. 


Cut required number of plies. Hand layup in mold. Debulk, 
Install male punch and press cure. 


Tape wrap 5 in, tape on cylindrical mandrel. Debulk as 
required. Cure In autoclave, 


Tape wrap over conical mandrel with 5 in. tape. Stage. 
Overwrap staged part with 5 in. itape. Autoclave cure. 


Cure No. 1 . Stage 3 hr at 180 *F under vacuum. Apply 
225 psl. Cure 2 hr at 200*F* 2 hr at 250*1?, 6 hr at 3X0“F. 
Cool to 160*1? or lower. 

Cure No. 2, Vacuum bag only. Cure 2 hr at 180 T*. 2 hr at 
200T, 3 hr at 250*1?, 3 hr at 275”F, 9 hr at 310*F. Cool to 
180“F at 25*1? per hour. 

Cure No, 3. Apply vacuum and 225 psi. Cure 2 hr at 200" F, 
2 hr at 250" F, 2 hr at 275" F, 6 hr at 310" F. Cool to 150" F 
at 25" F per hr. 

Apply 225 psi. Cure 2 hr at 200*F, 2 hr at 250"F, 2 hr at 
275"F, 6 hr at 310"F, Cool to 160*F at 301? per hr under 
pressure. 

Apply vacuum and 225 psi. Cure 1 hr at 180"P, 2 hr at 200^, 
2 hr at 2751?, 4 hr at 310"F. Cool under pressure to 160*F 
at S0"F per hour. 

Apply 225 psi. Cure 2 hr at 180*F, 2 hr at 250“P, 2 hr at 
275®F, 4 hr at 310*P. Cool under pressure to 160*F at 391? 
per hour. 

Apply vacuum and 225 |^i. Cure 2 hr at 200"F, 2 hr at 225"F, 
2 hr at 250*’F, 2 hr at 275*F, 4 hr at 3101?, Cool under pres- 
sure to 160 T, 

Apply vacuum and 223 psi. Cure 2 hr at 200"P, 2 hr at 2251?, 
2 hr at 250”F, 3 hr at 2751?, 6 hr at 3101?. Cool under 
pressure to 160"F. 
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TABLE 37 


NOZZLE NO. 6 COMPONENT FABRICATION SUMMARY 


Component and Materials 

Sjdt Cone Assembly 
LCCM-2626 
LCCM-4120 
KF-418 
Glass Phenolic 


Throat Assembly 
LCCM-2626 
23-RPD 


Inlet Ring Billet 
LCCM-2626 

Nose Ring Billet 
SP-8030-96 


Backside Liner Billet 
KF-418 


Fabrication Method 

Compression mold billets of LCCM-2626 and LCCM-4120, 
Machine OD. Install on mandrel and overwrap with glass 
phenolic tape. Autoclave cure. Machine tiers and assemble. 
Tape wrap KF-418 tape on mandrel. Autoclave cure. 
Machine and install into steel noazle shell. 


Compression mold LCCM-2626 billet. Machine into four 
segments. Install segments on mandrel and overwrap with 
23-RPD, Autoclave cure. 


Compression mold LCCM-2626. 

Tape wrap cylindrical mandrel mth 5 in. tape. Autoclave 
cure. 

Make t\yo full length wraps of conical mandrel with 5 in, 
tape. Autoclave cure. 


Cure 

Cure No. 1 - LCCM-2626. Load compression tool with 
material. Cure 24 hr at 325°F and 850 psi. 

Cure No. 2 - LCCM-4120 . Cast material Into mold. Vacuum 
bag. Cui^ 24 hr at 32^ and 1 atmosphere pressure. 

Cure No. 3 - Overwrap . Apply vacuum and 225 psi. Cure 

2 hr at 200T?, 2 hr at 225*P, 3 hr at 250*F, 3 hr at 275T, 

6 hr at SIOTT. Cool'under pressure to leOT. 

Cure No. 4 - KF-418 Ring. Apply vacuum and 225 psi. 

Cure 2 hr at 200 “F, 2 hr at 225 “F, 2 hr at 250“F, 2 hr at 
275 T?. 4 hr at 310*F. Cool under pressure to 160 T*. 

Cure No. 1 - LCCM-2626. Load compression tool with 
material. Cure 12 hr at 825 °F and 1,000 psi. 

Cure No. 2 - Overwrap. Apply vacuum bag and 225 psi. 

Cure 1 hr at 180*F and 3 hr at 300 “F, Cool under pressure 
to 200^. 

Load tool with material and apply 1,000 psi. Cure 2 hr at 
250*F, 2 hr at 275*F, 8 hr at SIO’F. 

Apply vacuum and 225 psi. Cure 2 hr at 180*F , 2 hr at 
225‘F, 3 hr at 260%, 3 hr at 275*F, 6 hr at 310’F. Cool 
under vacuum and pressure to 150T. 

Apply vacuum and 225 psi. Cure 2 hr at ISOT, 2 hr at 200*F, 

3 hr at 225^, 3 hr at 250“F, 3 hr at 275*P, 6 hr at SIOT. 
Cool to 150”F. 
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TABLE 38 


NOZZLE NO. 6 COMPONENT FABRICATION SUMMARY 


Component and Materials 


Fabrication Method 


Cure 


Exit Cone Assembly 

KF-418, Forward 
FM-5272, Aft 
PM-5272, Over 


Throat Billet 
SP-8057 


Throat Backup 
KF^18 


Inlet Ring Billet 
SP-8030-96 


Nose Ring Billet 
FM-5272 


, Backside Liner Billet 
SP-8030-96 


Tape wrap forward portion. Tape wrap aft portion. Autoclave 
cure. Machine OD. Overwrap entire cone. Autoclave cure. 
Machme and install. 


Hand lasnip "coolie hat" method. Cut required number of plies. 
Install in compression tool with 45 deg starter ring. Debulk. 
Install male punch and press cure. 

Tape wrap on cylindrical mandrel with 5 in. tape. Autoclave 
cure. 


Cut required number of plies. Hand layup in mold. Debulk. 
Install male punch and press cure. 


Tape wrap 5 in. tape on cylindrical mandrel. Autoclave cure. 


Tape wrap over conical mandrel with 5 in. tape. Stage, Over- 
wrap with additional 5 in. tape. Autoclave cure. 


Cure No. 1. Apply vacuum and 225 psi. Cure 2 hr at 200 ®P, 
2 hr at 225*P, 2 hr at 250*F, 2 hr at 275*F, 8 hr at 310"F. 
Cool under pressure to 180“F. 

Cure No. 2 - Overwrap. Apply vacuum and 225 psi. Cure 
2 hr at 200"F, 2 hr at 250*F, 2 hr .at 275'*F, 6 hr at 310*F. 
Cool under pressure to 150®F. 

Apply 225 psi. Cure 2 hr at 200^, 2 hr at 250^?, 2 hr at 
275*F, 6 hr at 310*F. Cool under pressure to IGOTF. 


Apply vacuum and 225 psi. Cure 1 hr at 180®F, 2 hr at 200”F, 
2 hr at 240 "F, 2 hr at 275 'F, 4 hr at 310*F. Cool under 
pressure to 160T. 

Apply 225 psi. Cure 2 hr at 180*F, 2 hr at 250°F, 2 hr at 
275*P, 4 hr at 310*F. Cool under pressure to 160 "F at a 
rate of 30*F/hr. 

Apply vacuum and 225 psi. Cure 2 hr at 180”P, 2 hr at 225®F, 
2 hr at 275*F, 6 hr at 310®F. Cool under pressure to 180"F. 
Remove part immediately while at 180 “F. 

Apply vacuum and 225 psi. Cure 2 hr at 180“ P, 2 hr at 
200“ F, 3 hr at 225" F, 3 hr at 250* F, 3 hr at 275" F, 6 hr 
at 310" F. Cool under pressure to 150® F. 



TABLE 39 


COMl>Oire;NT RADIOGRAPmC INSPECTTOK RESULTS 


Noitzle 


Ko. 

Component 

Plsoreip^nicy 

Btaooattlon 

1 

Exit cnae 

Nooe 



Tliroat 

Several dalamlnatloTis 

Removed durlui Bnal machlslng 


Throat backup 

Folds aad ream rich areas# l metslBc lEbCluakHi 

Uae as is 


lnl«t 

Nona 



No so 

tkimeroua small delamlaatloaa, 2 incLusliona 

Removed during maeblnliig 


Backatcie liner 

Nose 


2 

Exit coflo 

Not Inspected 



Throat 

Nona 



Tbroal backup 

None 



bilet 

None 



Nose 

None 



B8cksl($e liner 

None 


3 

Exit cone 

None 



Throat 

NOne 



Throat btitkap 

None 



Inlet 

None 



Noaa 

Noirt 



Backside liner 

None 


4 

Exit oono 

Nofie 



Throat 

Small voids near ODi I inclusion 

Removed durli^ final machining 


Throat faajdkup 

None 



Mel 




Neao 

None 



Backside Ihier 

Several amaU voids 

Bso as la 

5 

Exit cofie 

Retalser rls^ - NOne 




Aft, mid and rln^ not inspactsd 



Throat 

Email high denal^ Induslon thromhont 

Use as is# typical of malerisl 


Throat backup 

Not Inspected foot fobrlcatad as sepemte port) 



Met 

Small high deasify Indus I qd$ throughout 

Use Bjs is, typi^ uf material 


Nose 

None 



Backside liner 

None 


G 

Exit cone 

Nose 



Throat 

None 



Throat backup 

Numerous delaminnttons and eeparatlons 

Use as Is 


hilei 

^rfsce porD6ll;y 

Use as Is 


Noes 

Small ddunlnatioD sear OB 

Use as Is 


Backaldo liner 

Nona 

Uae as Is 
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Figure 101. Nozzle No. 1 Exit Cone Assembly 



Figure 102, Nozzle No- 1 Throat and Backup Assembly 




I 


Figure 103* NokkI© No. 1 Iniet Ring 
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Figure 104* No^zJe No, 1 Nose 
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Figure 105* Nozzle No. 1 Backside Insulation 
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Figure 106* Nozzle No* 1 Final Assembly (View A) 
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Figure 107- Noaale No. 1 Final Assembly (View 


152 



Figure 108. Nozzle No. 3 (View A) 




Figure 109. Nozzle No. 3 (View B) 




Figure 110. Nozzle No. 3 (View C) 
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Figure 111- Nozzle No, 4 (Yiew A> 
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Figure 112* Nozzle No. 4 (View B) 
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Figure 113. Nozzle No. 4 (View C) 
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Figure 114. Nozzle No. 4 (View D) 




Figure 115, Nozzle No, 6 Before Test <View A) 
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Figure 116* Nozzle No. 6 Before Teat (View B) 



Figure 117, Nozzle No* 6 Before Tost (View C) 
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Fi^e 118, Nozzle No* 6 Before Test (View DJ 
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Figure 119, Noazile No. 6 Before Test (View E) 




165 


-10 


FtNAL ASSIvMBLY DtSCAEFAMClES.SUBSCAlJv NOZZLES 


HoxzlEe 

Wq. 


I 


2 


a 


4 


Dtacrooflji^ 

op ot vxlt cona ovarwrap dt<bulk«d exceaalvely t cjuialpif 
undaralze euMition, 

Oap between tfaro«l nnd exit ccee up tq 047 ln« ivldc^. 

Gap betWfMin exit cone Ufrmentc up td 0, 01E In. wide. 

Print spNiriedo- o.ooa. 

Groove gu^ged aroLind aft pert of throat dirli« final pnaehlnlng* 
0, oao In. deep by 0, 2SiO In. wide. 

aookelde Uoer machined InoorrecUy,^ reuelog Impiopier fit 
tn ateej shell and to oEher compoci#ids. 


QiFtqg cure cf exit cone liner, forward portion dchulhed 
oxceeBlvcly. When akim cut, ittri was 0.30 In. thitmer than 
ipeclfted. 

ttaner mirfece of eft exit cone wan rough and nonunlform 
after cun. 


DtapoaUloo 

Trowelled (JF'ilsa falllea Riled 6 poxy pofyiiznide) on cone, 
cured, and remachlned lo iitriiil. 

FlUed In wltb UF-1120 Cssbestoe nUod epoxy pc^euJflde). 

Uned ue is. 

Rjind sanded to blend In smoolb]y with exit cone. 

Remechlned. ReauUed in decreeae In part [hlokness of 
l/S iDr. and Large gap between part and stesj shell et aft end 
by bole fl&iige. Gap wrs filled La wUh t7F-U30 (aabutoa 
nH«d apoxy polyaulUde), 

Dneresjod thlctcocae of ovarwrop hy 0. 20 inch. 

Shod bleated and apEi^lod epoity polyaulnde smoother oompeund. 


S 


Backside Liner maeblaed Incornotly, CHuelnv Improper fit 
l» fltaol abdU. 


Rsinachlned. Resulted in deorease In pert thiclcoeas of 
l/& In, Used rb Is. 


Gap betweeti throat sogmsnts up to 0, In. wlda. Used as is. 

Prim spAclRod 0 - 0. 005. 


5 BAnkaldn liner lidenttonjiJLly Bhlfted 0. 10 Ib, forward 

during fbMi] fitting. 


Bled as 


Is. 


Tb Insure proper fit, exit cone was shifted forward 0, 10 In. , Used as la. 

resLdtlug in a 0. 10 in. gap betwoen exft cone and steel off 
retainer plate. 
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Figure 120, Nozzle No, 2 LCCM-2626 Molded Cylinders 
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Figure 121* Nozzle No, 2 Four Mating Exit Cone Segments 
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Figure 12 2 » Nos^?.le No* 2 Four Mating Exit Cone Segmenls 
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Figure 123, NoKzle No* 2 Exit Cone Segments on Tape Wrapped Mandrel 



Figure 124. Nozzle No. 2 Installation of Mandrel Prior to Tape Wrap 
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Figure 125, No^szle Ne, 2 Tape Wrapping Segments (View A) 
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Figure 126, Nozzle No. 2 Tape Wrapping Segments (View B) 
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Figure 127* Nozzle No* 2 Cured Middle Segmented Tier 
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Figure 128. No^ale No, 2 Assembled Exit Cone Tiers 
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Figure 129, Nozzle No, 2 Installed Segmented Exit Con© 
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Figure 130* Nozssle No. 2 Segmented Exit Cone 
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Figure 131, Nozzle No, 2 Nose and Throat View 
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Figure 132. Nozzle No. 2 (View A) 
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Figure 133. Nozzle No. 2 (View B) 
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Figure 135, Nozzle No, 5 Tiered Exit Cone (View A) 
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Figure 136. Nozzle No. 5 Tiered Exit Cone (View B) 
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Figure 137. Nozzle No. 5 Nose Inlet and Segmented Throat (View A) 
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Figure 138* Nozzle No. 5 Nose Inlet and Segmented Throat (View B) 
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EROSION RATE (MILS/SEC) 


o 


ACTUAL DESIGN CURVE 
INLET AND THROAT DATA 
EXIT CONE DATA 



Figure 189. TD-622 Material Performance Curve, 4C-1686 (Carbon Cloth) 
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187 



Figure 141. Subscale Nozzle Convective Heat Transfer Coefficient, Carbonaceous Material 
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1,000 



AXIAL DISTANCE FROM THROAT {IN.) 
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Figure 142. Subscale Nozzle Total Heat Flux, Asbestos Material 




TOTAL HEAT FLUX,Q,j, (BTU/SQ P-I^Sl^C) 









TOTAL HEAT FLUX, QT (BTU/SQ FT-SEC) 


UNERODED T = 0 SEC 



AXIAL DISTANCE FROM THROAT (IN.) 


24535-79 


Figure 144. 'Subscale Nozzle Total Heat Flux, Canvas and Paper Material 





191 


TABLE 41 


Matertal 

LGCM-2626 
Graphite 
Particle 
1,000 psi 
Cure 

LCOM~2626X 
Graphite 
Particle 
850 psi Cure 


23-RPB 

Asbestos 


SP-8030~96 


NOTE: 


PREDICTED VERSUS ACTUAL EROSION RATE 


Subscale 
Nozssle Area 
Location 

Predicted 
Erosion 
Rate (Mils/Sec) 

Actual 
Erosion 
Rate (Mils/Sec) 

Actual E, R. Facto^ 
Predicted E. R. 

Allowable Erosion Factor hicrease 
Nozzle Type Heat Sink Total 

Factor X Factor = Factor 

Throat (#2) 

3.00 

8.52 

2.84 

1.50 

2.25 

3.38 

Met (#5) 

3,50 

8.57 

2.45 

1.50 

2,25 

3.38 

Throat (#6) 

3.00 

9.94 

3.31 

1.50 

2.25 

3.38 

Forward Exit (^2) 

1.80 

8.50 

4.72 

1.00 

2.25 

2.25 

Middle' Exit (#2) 

0.65 

5.70 

8.77 

1.00 

2,25 

2.25 

Aft Exit (#2) 

0.18 

“2.90 

-16.11 

1, 00 

2.25 

2.25 

Forward Exit (#5) 

1.80 

18.33 

10.18 

1.00 

2,25 

2.25 

Submerged Liner (#1) 

10.00 

6.40 

0.64 

1.00 

1.00 

X.OO 

Forward Exit (#4) 

6.70 

18.02 

2.69 

1.00 

1.00 

1.00 

Aft Exit (#S) 

0.70 

2.13 

3.04 

1.00 

1.00 

1,00 


1. If Erosion Rate Factor is 1,00 or greater, the Actual Erosion is higher than 
Predicted Erosion. 

2, K Erosion Rate Factor is under 1.00 or a minus number, the Actual Erosion is 
lower than Predicted Erosion. 



FWD- 


AFT 



AFT OF THROAT ARE POSITIVE 
2. PROEELIANT BLOWING COEFFICIENT =0.098 


STATION 

AXIA.L 

LENGTH 

ON.) 

SUBSCALE AERODYNAMIC PARAMETERS 
h/cD h/cD(f*l 12.000 <iT 

P 

PREDICTED 
EROSION RATE 
FROMTU-‘622- 
MATEimL DESIGN 
CURVES (MILS/SEC) 

ACTUAL TEST 
EROSION RATE 
BETWEEN STAR 
POINT AND 
STAR VALLEY 
(BOLS/SEC) 

+3® 

41.50 

_ 

- 

760 

(NOT TESTED IN TU-622) 

2.46 

-6® 

-3.00 

0.205 

2.73 

- 



1.40 

-G© 

-3.00 

-0.700 

9.33 

- 



10.90 

0® 

G 

0.600 

8.07 

„ 



8.09 

45® 

42.50 

0.288 

2.78 

-- 



3.16 

432© 

416.00 

- 

- 

240 

(NOT TESTED IN TU-B22) 

1.05 
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Figure 145. Nozzle No. 1 Material Performance Evaluation 
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Figure 146. Nozzle No. 2 Material Performance Evaluation 
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Figure 147, Nozzle No; 3 Material Performance Evaluation 
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INLET THROAT 

STATION STATION 

V «=i.o 




S.23-RPJD^^ 

5>.4SBESTOS 


NOTES- 1, AXIAE LOCATION ON NOZZLE M INCHES IS 1/2 OF STATION 

(CIRCLED) NUMBER. ZERO REFERENCE NUMBER IS AT THE THROAT. 
NUMBERS FORWARD OF THROAT ARE NEGATIVE. NUMBERS 
AFT OP THROAT ARE POsmVE. 

2, PROPELLANT BLOWING COEFFIdENT 0. 098 

a. INLET C EROSION PATTERN WAS LESS IN THREE OTHER SIMILAR PLANES 


SUBSCALE AERODYNAMIC PARAMETERS 
h/op h/ftp m IS.OQD Qt 



Figure 148. Nozzle No. 4 Material Performance Evaluation 
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Figure 149. Nozzle No. 5 Material Performance Evaluation 
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Figure 15a. Nozzle No. 6 Material Performance Evaluation 
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LEGEND 


PRE- FIRING SURFACE 

POST-FIRING SURFACE 

CHAR DEPTH 
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Figure 151. TU-622 Pre and Post-Test Evaluation 
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Figure 152, Subscale Noasile-Closure Assembly 
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Figure 153, Subscale Motor and Teat Stand 
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Figure 153, Subscale Metor and Test Stand 
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TABLE 42 


SUBSCALE MOTOR PERFORMANCE 


Motor No* 

Nozzle Throat Material 

Avg Web Pressure 
fpsia) 

Web Time 
tsec) 

1 

MX- 4326 carbon 

471 

56*8 

2 

LCCM-2626 graphite particle 

466 

57*5 

3 

SP-8050 carbon 

476 

56*2 

4 

SP-0030-96 sUlca 

384 

61*0 

5 

LCCM-2626 graphite particle 
segmented 

446 

58*4 

6 

SP-80S7 carbon 

446 

58*2 


^Standard base ne^sle 



Figure 155. Preg&ure Time Envelope iot Stx Subacale Motor Firings 
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Figure 156, Subscale Nozzle No, 1 Submerged Liner and Hose 
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Figure 157. Subacale Nozzle No* 1 Nose, Inlet, and Throat 



Figure 158. Subscale Nozzle No. 1 Exit Cone 
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Figure 159, No^ssle No, 1 Sectioned at Propellant Star Valley 






Figure 160, Nozzle No. 1 Submerged Liners Sectioned at Plane 2-3 


KOSE 

WB-fi21T 

(CARBON) 




/CfUKOnS 




N4MdO-l 


I 

aia 

OiA ff£F 


THROAT 

MX-tS^ 

(CARBON) 


INLET 

WB-S217 

(CARBON) 
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Figure 163. Nozzle No. 1 Erosion-Char Profile Between Propellant 
Starpoint and Star Valley 
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TABLE 43 

NOZZLE NO< 1 POST- TEST INSPECTION 
Abifltive Liner Comments 


OD Submerged Liner 

Ply de laminations 

FM-S272 paper 

Low uniform erosion 
Veiy weak char layer 
Good performance 

Nose 

WB-8217 carbon 

Local spalling and cracks 
Local gouging and ply delaminations 
Low tmiform erosion 
Good performance 

Inlet 

WB-8217 carbon 

Ply delaminations 
Low uniform erosion 
Light surface spall 
Excellent performance 

Throat 

MX- 492 6 carbon 

Ply delaminations 
Low uniform erosion 
Excellent performance 

Forward esdt 
SP-8050 

Fly delaminations 
Low uniform erosion 
Excellent performance 

Aft exit 

KF-418 canvas 

Weak char layer 
Ply delaminations 
Small local gouging 
Very good performance 

Insulation Liner 

Comments 

Exit Cone Insulation 
MXA-6D12 asbestos 

Local ply delaminations 
Satisfactory performance 

Inlet - Throat Insulation 
MXA-6D12 asbestos 

Local ply delaminations 
Satisfactory performance 
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Figure 165* Subseale Nozzle No. 2 Submerged Liner and Nose 




Figure 1G6 


Subscale Noaiaie No* 2 Nose, Inlet* and Throat 
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Figure 167. Sub&cale Nozzle No. 2 Exit Cone 
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Figure 168, Subscale Nozzle No, 2 Afl Exit Cone 
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LGCM-2626 
GRAPHITE PARTICLE 

ASBESTOS PKENOUC OVERWRAP (23-RPD} 


MIDDLE EXIT LIJIER EXIT LINER 

HI FOUR SEGMENT gHIB_ SE.GM E N T 

Sf|1|1|.ITI||..1^p1.iW ;'ni'^n!T1'pT..^.,TTlBBB 
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FORWARD EXIT LINER IT. | 
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Figure 169* Sectioned Nozzle No* 2 Exit Ctme 
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(QBAPtffTE PARTICLE) 


N0S47 


THROAT LCCM-:3e26 


INLET 
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POLYPHENYLENE) 


isURMKRGED LINER 
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Figure X70, Sectioned Nozzle No, 2 Submerged Liners 
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TABLE 44 

NOZZLE NO. 2 POST-TEST INSPECTION 


Ablative Liner 

OD Submerged 

MXA-6012 asbestos 


Nose 

4C-1686 carbon polyphenylene 


Inlet 

4C-1686 carbon polyphenylene 
Throat 

LCCM-2626 graphite particle 
phenolic 

Forward Exit 

LCCM-2626X graphite particle 
phenolic segmented 


Middle Exit 

LCCM-2626X graphite particle 
phenolic segmented 


Aft Exit 

LCCM-2626X graphite particle 
phenolic segmented 


Insulation Liner 

Exit Cone Insulation 
1581 glass phenolic 

Inlet-Throat Insulation 

23-RPD asbestos phenolic 


Comments 

Ply delaminations 
Uniform erosion 
Good performance 

Ply delaminations 
Uniform erosion 
Local gouging 
Good performance 

Ply delaminations 
Uniform erosion 
Good performance 

Uniform erosion 
Local spalling 
Internal delaminations 
Very good performance 

Nonuniform erosion 
Spalled and gouged areas 
Internal delamination 
Segmented joint O. K. 

Fair performance 

Spalled and gouged area 
Nommiform erosion 
Internal delaminations 
Segmented joints O. K. 

Fair performance 

Spalled and gouged areas 
Nonuniform erosion 
Internal delaminations 
Segmented joints O.K. 

Fair performance 

Comments 

No delaminations 

Very satisfactory performance 

No delaminations 

Very satisfactory performance 
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Figure 178. Partial Motor Thrust vs Time, Nozzles No. 2 and 3 




233 



Figure 179. Nozzle No» 3 Submerged Liner and None 
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Figure 180. Nozzle No. 3 Nose, Met, and Throat 
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Figure 181. Nozzle No. 3 Exit Cone (View A) 



Figure 182. Nozzle No. 3 Exit Cone (View B) 
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Figure 183, Sectioned Nozzle No, 3 Submerged Liners 
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Figure 164» Section^ Nozzle Nb. 3 Exit 












Figure 188. Nozzle No. 3 Three Plane Erosion-Char Rate Summary 
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TABLE 45 

NOZZLE NO. 3 POST-TEST INSPECTION 
Ablative Liner Coioinents 


OD Submerged 

23-RPD asbestos 

Uniform erosion 
Axial surface wrinkles 
Very good performance 

Nose 

SP-S057 carbon 

Ply deiaminations 
Uniform erosion 
Axial cracks 

Local spalling and gouging 
Good performance 

Inlet 

S P-805 7 carbon 

Local ^uglng and de Laminations 

Uniform erosion 

Very good performance 

Throat 

S P-8050 carbon 

Uniform erosion 
ply delamination 
Excellent performance 

Forward Exit 

S P-8057 carbon 

Ply de laminations 
Low uniform erosion 
Very good performance 

Aft Exit 

SP-S030-96 silica 

Interface delamination 
Uniform erosion 
Very good performance 

Insulation Liner 

Comments 

Exit Insulation 

23-RPD asbestos 

No delaminations 

Very satisfactory performance 

Iniet-Throat Insulation 
FM-5272 paper 

Localised de laminations 
Adequate performance 
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Figure 189. Nozzle No. 4 Submerged Liner 


246 



Figure 190. Nozzle No. 4 Submereed Liner. Nose. Inlet, and Throat 
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Figure 191. Nozzle No. 4 Nose and Inlet 
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■ FORWARD EXIT 
i 23-RPD (ASBESTOS) 




5*:' 


|Sf 


AFT EXIT 

^ , MXS-198 (SlUCA . 

; EPOXY NOV QLAC} p 

M1>673T 


Figure 192. Nos^^le No. 4 Exit Cone 
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Figure 193, Sectioned NoKzle No. 4 Submerged and Exit Cone Liners 
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Figure 194* Mozstle No* 4 Erosion-Char Profile (Propellant Slarpoint) 
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Figure X96, Nozzle No. 4 Erosion- Char Profile (Between Propellant Starpoint and Star Valley^ 




TABLE 46 

NOZZLE NO. 4 POST-TEST INSPECTION 


Ablative Liner 

OD Submerged 

KF-418 canvas phenolic 


Nose 

KF-418 canvas phenolic 


Inlet 

SP-8030-96 silica phenolic 


Throat 

SP-8030-96 silica phenolic 


Forward Exit 

23-RPD asbestos phenolic 

Aft Exit 

MXS-198 silica epoxy novolac 


Insulation Liner 

Exit Insulation 

KF-418 canvas phenolic 

Inlet- Throat Insulation 

SP-8030-96 silica phenolic 


Comments 

Structural integrity 
Uniform erosion 
Weak char layer 
Very good performance 

Local high erosion 
Localized gouge and spalling 
Weak char layer 
Structural integrity 
Fair to good performance 

Local high erosion 
Local gouge 
Structural integrity 
Fair to good performance 

Local spalling and gouge 
High uniform erosion- 
Structural integrity 
Good performance 

Liner lost 

High uniform erosion 
Poor performance 

Interface spalling and gouge 
Ply delamination 
Uniform erosion 
Good performance 

Comments 

Local loss of insulation 
No delaminations 
Very satisfactory 

No delaminations 
Very satisfactory 
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PRESSURE (PSIG) 



24535-108 


Figure 198* Partial Motor Pressure and Thrust, Nozzle No. 4 



TABLE 47 


NOZZLE NO, 4 FORWARD EXIT CONE TAG END TEST RESULTS 


Compression, 

fP8i) 

(23-RPD) 

Ult 

Density (gm/cc) 

Ta^ End 

Control 

Tag End 

Control 

— 

— 

1.59 

— 

12,425 

— 

1.60 

— 

12,675 

“ 

1.60 

— 

13,250 

13,650 

1.63 

— 

13,325 

14,100 

1.63 


Avg 12,020 

13,875 

1,61 

1,50 


Acetone Extraction 

Residual Volatiles 

Avg of 5 specimens 

2,30 


3.33 

Range of S speeiinens {%) 

1.88 - 3.03 


3.35 - 3.40 
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FOUR SEGMENT THROAT 
LCCM-aeM 
GRAPHITE PARTICLE 
(OVERWRAPPED WITH 
GLA^ CLOTH PHEKOUC) 


SUBMERGED LINER 
Kr-41B (CANVAS) 


A: 




INLET 


LCCM-2e2e 


NOSE 

SP-8030-96 

(SILICA) 


(GRAPHITE PAHTIGLEJ 








Figure 199. Nozzle No. 5 Submerged Liners 





Figure 20D* Hostile No. 5 Nose, Met, and Throat 
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MIDDLE EXIT 
LCCM-4m 

(GRAPHITE PARTICLE) 


AFT EXIT 
LCCM^iaO 

(GRAPHITE PARTICLE} 


RETAINER RING 
KF-41S (CANVAS) 


FOBWARD EXIT 
LCGM-2e26 

{GRAPHITE PARTICLE) 


Figure 201. Kozsie No. 5 Exit Cone 
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Figure 203. Sectioned Nozzle No. 5 Exit Cone Liners 
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Figure 204, Nozzle No, S Erosion-Char Profile (Propellant Star point) 
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Figure 206. Nozzle No, 5 Erosion- Char Profile (Between Propellant Starpoinl and Star Valley) 
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Figure 207. Nozzle No. 5 Three Plane Erosion- Char Rate Summary 


f^OLDOUj: FI 
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PRECEDING PAGE BLANK NOT FlLfflEO, 

TABLE 48 ' 

NOZZLE NO. 5 POST- TEST INSPECTION 


Ablative Liner 

OD Submerged Liner 

KF-418 canvas phenolic 


Nose 

SP-8030-96 silica phenolic 


Inlet 

LCCM-2626 graphite particle 
phenolic 

Throat 

LCCM-2626 graphite particle 
phenolic 

Forward Exit Cone 

LCCM-2626X graphite particle 
phenolic 


Middle Exit Cone 

LCCM-4120 graphite particle 
phenolic 

Aft Exit Cone 

LCCM-4120 graphite particle 
phenolic 

Insulation Liner 

Exit Cone Insulation 
1581 ^ass phenolic 

Inlet- Throat Insulation 

23-RPD asbestos phenolic 


Comments 

Uniform erosion 
Weak char layer 
Structural integrity 
Good performance 

Local high erosion 
Ply delaminations 
Structural integrity 
Good performance 

Low uniform erosion 
Delaminations and cracks 
Local spalling 
Good performance 

Uniform .ero sion 
Internal delaminations 
Local spalling 
Fair fo good performance 

High nonuniform erosion 
Spalling and gouging 
Internal delaminations 
Liner lost locally 
Poor to fair performance 

Interface gouging and spalling 
Low uniform erosion 
Delaminations and cracks 
Fair to good performance 

Low uniform erosion 
Delaminations and cracks 
Good performance 

Comments 

No delaminations 
Prevented loss of steel shell 
Very satisfactory 

Local delaminations 
Satisfactoi^ 
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Figure 208. Throat Ring Segment Orientation to Propellant Grain 
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MIDDLE 

EXIT 

LINER H 



Figure 209, Nozzle No, 5 Exit Cone with Steel Shell Exposed 
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TIME (SEC) 


23971-4 


Figure 210, Kozzle No, 5 Motor Performance 
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Figure 212 » Nozzle No. 6 Submerged Liner and Nose 




IIZ 



SUBMERGED LINER 
SP-0OUO-B6 (SILICA) 


NOSE 

FM-5272 

(PAPER} 


throat 

SP-S057 

[(CARBON) 


[NLET 

SP-80aO-96 (SILICA) 


Figure 213> No. 6 Submerged Liners 
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Figure 215. Nozzle No. 6 Eicit Cone 




i 


Figure 216. Sectioned Nozzle No. € Submerged &nd Exit Cone Liners 
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Figure 210. Sectioned Nozzle No, 6 Submerged and Exit Cone Liners 
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Figure 219, Nozzle No, 6 Eros Jon -Char Profile (Betw^een Propellant Star point and Star Valley) 






TABLE 49 

NOZZLE NO. 6 POST-TEST INSPECTION 
Ablative Liner Comments 


OD Submerged 

SP-8030-96 silica 


Local delaminations 
Uniform erosion 
Good performance 


Nose 

FM-5272 paper 


Inlet 

SP-8030-96 silica 


Local high erosion 
Very weak char 

Local delamination and spalling 
Fair to good performance 

Local high erosion 
Structural integrity 
Good performance 


Throat 

S P-8057 carbon 


Forward Exit 

KF-418 canvas 


Aft Exit 

FM-5272 paper 


Insulation Liner 


Exit Cone Insulation 
FM-5272 paper 


Inlet-Throat Insulation 
KF-418 canvas 


Uniform erosion 

Local delami'nations and surface pitting 
Excellent performance 

Ply delamination 
High uniform erosion 
Irregular erosion surface 
Good performance 

Uniform erosion 
Irregular very weak char 
Local delaminations 
Good performance 

Comments 


Local delaminations and cracks 
Adequate performance 

No delaminations' 

Very satisfactory performance 
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TABLE 50 


SVBSCALE MATERIAL COMPONENT PERPORMANCE RATING 



Ablative Liners 1 

InsulativQ Linors 

Raw 

Material 

Cost 

($/Ib) 

Mntcrtnl 

Submergicd 

Liner 

Nose 

Inlet 

Throat 

Forward 

Exit 

Aft 

Exit 

Exit Coro 
Insulation 

Inlet Throat 
Insulation 

Carbonaceous 
Tape Wrapped 










WB-8217 <Std) 


Good fl)* 

Excellent (1) 






20.97 

MX-4926 (Std) 




Excollont (1) 





19.00 

SP-8050 ptd) 




Excellent (3) 

Excollont d) 




10.50 

SP-8057 


Good (3) 

Very Good (3) 

Excollont (G) 

Very Good <3) 




15,00 

4C-1686 


Good (2) 

Good <2) 






20.60 

Molded 










LCCM-2626 



Good p) 

‘Fair to Good (5) 
Very Good (2) 





0.75 

LCCM-2626X 





Poor to Fair (5)** 
Pair (2)+* 

Fair (2)** 



0.75 

LCCM-4120 






Good <5) 



0.75 

Low Carbonaceous or 
Non-Carbonaccous 
Tape Wrapped 










KF-418 Std 
Canvas 

Good (5) 

Very Good (4) 

Fair to Good (4) | 



Good (6) 

Very Good (1) 

Very 

Satisfactory (4) 

Very 

Sntlsfoctory (6) 

1.50 

FM-5272 Std 
Paper 

Good d) 

Fair to Good <6) 




Good (6) 

Adequate (C)** 

Adequate (3)*« 

2,00 

23-RPD Asbestos 
Cork 

Very Good (3) 




Poor (4)** 


Very 

Satisfcctory (3> 

Satisfactory (5) 
Very 

Satisfactory (2) 

4,25 

MXA-6012 Asbestos 

Good (2) 






Satisfactory d) 

Satisfactory d) 

1.85 

SP-8030-0G 

Silica 

Good (6) 

Good (5) 

Good (6) 

Fair to Good (4) 

Good (4) 


Very Good (3) 


Very 

Satisfactory (4) 

4.90 

MX&-198 Silica 






Good (4) 



5.10 

1581 - Gloss 
MXB-6001 







Very (2) ' 

Satisfactory (5) 


2,82 


'*{ ) indicates subscalo teat number, 

**No2zlo material arena were eliminated as unaceeplnble. 
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TABLE 51 


lUDCOMMENDED NOZZLE MATERIAL AREA LOCATION FOR 260 IN. NOZZLE 



Ablative Liners 

Insulation Liners 

Submerged Liner 

Nose 

Inlet 

Threat 

Forward Exit 

Aft Exit 

Exit Cone 

Throat 

Inlet 


® 

© 


® 

© 

® 

® 

© 

1. PM- 5272 paper 

WB-8217 carbon 

WB-8217 carbon 

MX- 4 926 carbon 

SP-8050 carbon 

KF-418 canvas 

MXB-6001 glass 


23-RPD asbestos 

2. MXA-6012 asbestos 

4C-1686 carbon 

4C-1686 carbon 

LCCM-2626 
graphite particle 

SP-8057 carbon 

SP-8030 silica 

KF-418 canvas 

KF-418 canvas 

KF-418 canvas 

3. 23-RPD asbestos 

SP-8057 carbon 

SP-8057 carbon 

SP-8050 carbon 

KF-418 asbestos 

MXS-198 silica 

23-RPD asbestos 

23-RPO asbestos 

MXA-6012 asbestos 

4. KF-418 canvos 

KP-418 canvas 

SP-8030 silica 

SP-8030 silica 


LCCM-4120 
graphite particle 

MXA-6012 asbestos 

MXA-6012 asbestos 

SP-8030-96 silica 

5. SF- 8030- 96 silica 

FM-S272 paper 

LCCM-2626 
graphite particle | 

SP-8057 carbon 


FM-5272 paper 


SP-8030-06 silica 


6 . 

SF-8030 silica 
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TABLE 52 


COMPARISON OF MATERIAL PROPERTIES AND FABRICATION TECHNIQUES WITH MATERIAL TEST PERFORMANCE 


Material 

Fabrication Techniouc 

Specific Gravity 

Throat Area {Silica and Carbonaceous Mato rials! 


MX-4926 (Std) Carbon 

Tape wrap - cured (225 psi - 000' F) 

1.40 

SP-8050 Carbon 

Tape wrap - cured (225 psi - 300* F) 

1.44 

LCCM-2626 Graphite particle 

Molded - cured (1, 000 pal - 325' F) 

1.80 

SP-8057 Carbon 

Tape wrap - cured (225 psi - 320' F) 

1.40 

SP-8030 Silica 

Tape wrap - cured (2S5 psi - 310' F) 

l.CO 

OD Submerged Area (Silica, Asbestos 

. Canvas and Paoer Materials) 


SP-8030 Silica 

Tape wrap - cured (225 psi - 310' F) 

1. 60 

KF-418 Canvas 

Tape wrap - cured (225 psi - 300* F) 

1.35 

23-RPD Asbestos 

Tape wrap - cured (225 psi - 310* F) 

1.50 

FM-5272 (Std) Pnpor 

Tape wrap - cured (225 pal - 300* F) 

1.34 

MXA-6012 Asbestos 

Tape wrap - cured (225 psi - 300' F) 

l.'Sl 

Aft Exit Cone ISillca, Canvas. Paper, 

. and Carbonaceous Materials) 


LCCM-2626X Oraphito partlolo 

Molded - cured (850 psi - 326* F) 

NA 

LCCM-4120 Graphite particle 

Molded - cured (IS pal - 325' F) 

1.50 

SP-8030 Silica 

Tape wrap - cured (226 psi - 310* F) 

l.CO 

KF-418 (St^ Canvas 

Tt^e wrap - cured (226 psi - 300' F) 

1.35 

FM-5272 Papor 

Tape wrap - cured (225 pst - 310' F) 

1,34 

MXS-198 Silica 

Tape wrap - cured (IS psi - 310' F) 

1.50 


“with lamina warp direction or grain (pal) room temperature. 
*^AcroBB lamina room temperature. 


Material Properties 




lilt Compression®' 

Thermal 
Conductivity'^, k 

Tost Performance 
Erosion Rate (mne/scc) 
Station 0. 0 

Structural 

Integrity 

3G,000 

0.483 

8.09 

Very good 

34. 546 

0.351 

9.78 

Excellent 

12.000 

0.320 

8.70 

Very good, good 

28, COO 

0.130 

9.54 

Excellent 

23. 100 

0. 100 

18.85 

Excellent 



Station 48 0 


23,100 

0.100 

6.18 

Good 

22. 812 

0.1S9 

3.93/6.'85 

Excellent, excellent 

15, 500 

0.0C9 

4. 98 

Excellent 

24,370 

0,230 

2.46 

Fair to good 

22,219 

0, 077 

5.22 

Good 



Station 432. C 


NA 

NA 

16,20 

Fair 

8,200 

0.886 

0.68 

Fair 

23,100 

0.100 

3.55 

Very good 

22,812 

0,159 

1.75 

Good 

24,370 

0.230 

5. 50 

Good 

34, COO 

NA 

4.10 

Very good 


References: Materials screening section of this report. 

AFRPL-TR-67-310 - "Evaluation of Low Cost Materials and Manufacturing 
Processes for Large Solid Rocket Motors" 

AFML“TR-65-133 - "Thermal- Mechanical Properties of Five Ablative 
Reinforced Plastics from Room Temperature to 760* F" 

AFRPL - Contract AF 04(61l)-n417 - "Development of Castable Carbonaceous 
Materials for Solid Rocket Nozzles" 
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SUMMARY OF 
TAPE W3 



Material 

Preheat 

Temperature 

CF) 

Head 

Pressure (Ib/xn, 

1, 

SP-8030-96 

100--125 

240-300 

2, 

SP-8050 

100-125 

300 


MX-4926 

100-125 

300 


WB-8217 

100-125 

300 

3. 

SP-8057 

225-275 

’ 200-3Q0 

4. 

4C-1686 

150-200 

' 240-300 

5, 

23-EPD 

150-200 

160-240 

6 . 

FM-5272 

270-290 

- 200-300 

7. 

KF-418 

175-250 

200-280 

8. 

MXA-6012 

125-160 

180-300 

9. 

MXS-198 

80-120 

200-300 
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BBICATION CONDITIONS 
»PED COMPONENTS 


Billet . 
Temperature 

m 



Maximum. Cure 



Maximum Cure 
Temperature 


100-110 

No 

.225 

310 

100-125 

No 

225" 

300 

100-125 

No 

225 

320 

100-125 

No 

225 

300 

125-155 

No 

225 

. sop 

60-110' 

No 

225 

350 

40-50* 

Yes 

225 

310 

110-120" 

No 

225 

310 

85-120 

*No 

225 

310 

40-70 

Yes 

225 

310 

80-110 

No 

13 (1 Atmosphere) 

310 



TABLE 54 


MATERIAL PERFORMANCE AND PREDICTION ANALYSIS 

1. Preliminary Material Selection 

Fourteen materials rated by erosion, char, specific gravity and cost/lb. 

Four 260 in. low cost material nozzle matrices of best ranked subscale 
materials. 

2. Material Performance Graphs 

Thirteen materials erosion-char rates plotted vs subscale wall. 

Heat transfer coefficient (h/cp) or total wall flux (Qrp) 

Material design lines drawn. 

3. Preliminary 260 in. Nozzle Design 

A standard material nozzle (computer designed). 

Aerodynamic flow analysis for h/cp and Q-p. 

Four low cost material nozzle matrices erosion (char rates predicted and 
scale factors calculated). 

Four low cost material nozzles computer designed, drawn, and weighted. 
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MATERIAL PERFORMANCE SUBSCALE NOSSilLE 
MAXIMUM EROSION-CHAR RATES (UNCORRECTED) 



Inlet Liner A 

Nose 

B 

Inle 

C 

Throat D 


:\tt Cone E 

Material 

+6 

+1 

-3 

-8 

-8 

-4 

-3 

0 

+3 

+5 

Forward 

+12 

Forward 

+20 

Forward Middle 

‘+32 

Aft 

+44 

Aft 

1. Carbonaceous 















\VB-8217 (Standard) 



2.28 

10.55 

10.55 
17. 06 

10.20 

17.06 

11.78 
15 83 









MX-4926 (Standard) 







9.32 
14. 95 

8 00 
14. 95 ’ 

4.75 
13. 0l 






SP-8050 (Standard) 







12.09 

17.80 

9.78 

“15.6G 

4.98 

12.09 

3.69 

13.02“ 

_ 

9.32 

0.70 
e 09 



LCCM-2626 





17.14 

a 

9. GO 

8.87 

a 

8. 70 

a 






LCCM-2626 







a 

12. 34b 

15 42*> 






LCCM-2626X 










11.30’^ 

a 

_15^0^ 

19-SO^ _ 

J.6^20^ 

6.60^__ 

LCCM-2626X 










18.85 

a 

Material 

Lost 




LCCM-4120 











— 

Material 

Lost 

0. 68 

0.34 

a 

SP-8057 ' ' 



4.44 
P 8.89 

12.09 

15.66 

13.52 

16.90 

12.09 
i 16. 37 

12. 50 
15.75 

9.54 

14.24 

_ 5.68 

~ 11. 18 

3.91 

9.96 

2.84 

9.25 

1.07 

6.94 



4C-168G 



9.74 
f 12. ,70 

8.70 

17.40 

8.70 

15.48 

1 9.02 

19.50 





! 




2. Low Carbonaceous 
Noncarbonac cous 















SP-8030-96 

6. 18 
8.92 

8.75 

10.81 



22.80 

25.41 

20.25 

22.32’ 









SP-8030-96 



10.79 

12,85 

j 19.71 
22.28 

31.96 

33.77 

23.93 

24.75 

20. 98 
22.13' 

18. 85 
20.16 

13.93 

16.23 




3.55 

6.76 

1,42 

5.69 

KF-418 (Standard) 

3. 93 
6.88 

. 5.25 
8.52 










1 



KF-418 (Standard) 

6.85, 
9.42 “ 

5.48 
“ 8.57 

8.68 

11.15 

27.‘05 

28.68 






6.86 

9.95 

17.18 
18 40 

10. 62 
11.30 

1.75 

4.39 

1.40 
4 92 

23-RPD 

4,98 

5.,G9 

7.47 
8.18 ' 








14.42 
15. 57 

Material 
Lost . 

Material 
, Lost 



FM-5272 (Standa^) 

2.46“ 

5.27 

2.81® 

6.68 

d 

9.44 

d 

26.60 









5,50 
, 6.18 

3. 09 

3.60 

MXA-6012 

5.22 

6.96“' 

9.22 

10.61 













MXS-198 













4.10 

8.19 

0.82 

6.55 


^har thickness cannot be seen. 

^Indicates segmented ring. 

‘^Char layer thickness cstlmatod. 

^Char lost in nozzle disassembly' 

NOTES: 1, Input data for cost merit rating (CMR) Index 
2. Erosion-char design curves. 



Erosion Rate (mll8/sec_)__ 
“ Char Rate (mils/seo) 
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TABLE 56 




SUBMERGED LINER 

MATERIAL 

EVALUATION 




Material Tested 

Motor 

No. 

Average 

Corrected 

Erosion 

Rate 

(mils/sec) 

Average 

Corrected 

Char 

Rate 

(mils/ sec) 

Specific 

Gravity 

P 

Raw 

Material 

Cost 

($/]b) 

CMR 

Index 

Rank 

1. SP-8030-96 

Silica (Standard) 

6 

' 7.90 

2.35 

1.60 

4.90 

105 


2. KP-418 Canvas 

4, 5 

6.00 

2.86 

1.35 

1.50 

24 

2 

3. 23-RPD Asbestos 

3 

6.13 

0.72 

1.50 

4.25 

56 

4 

4. FM-5272 Paper 

1 

2.64 

3.34 

1.34 

2.00 

22 

1 

5. MXA-6012 

2 

7.36 

1.55 

1.61 

1.85 

34 

3 


NOTES: 

1. Erosion rate factor of safety = 1. 25 
Char rate factor of safety = 1. 50 

2. Typical CMR index value calculation: 

|2.64 (1.25) + .(3.34) (1. 50)j, 1.34 (2.00) = 22 CMR for FM-5272 
Lowest CMR index number is best. 
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TABLE 57 


NOSE MATERIAL EVALUATION 



Material Tested 

Motor 

No. 

Average 

Corrected 

Erosion 

Rate 

(miis/sec) 

Average 

Corrected 

Char 

Rate 

(mils/sec) 

Specific 
Gravity 
' P 

Raw 

Material 

Cost 

(f/M. 

CMR 

Index 

Rank 

1. 

FM-5272 Paper 

6 

17.29 

1.68 

1.34 

2.00 

68 

2 

2. 

KF-418 Canvas 

4 

21.27 

1.95 

1.35 

1. 50 

63 

1 

8 . 

SP-8030-96 Silica 

5 

16.17 

2.27 

1.60 

4.90 

192 

3 

4. 

4C-1686 Carbon 

2 

9.40 

5.77 

1.30 

20.60 

501 

— 

5. 

SP-8057 Carbon 

3 

8.27 

4.05 

1.40 

15.00 

324 

4 

6. 

WB-8217 Carbon 

1 

6.42 

7.39 

1.42 

20.97 

482 



(Standard) 









NOTES: 

1. Erosion rate factor of safety - 375 

Char rate factor of safety == 1, 00 

2. Assume paper char layer thiclmess (t = 0. 10 in.) 

3* Typical CMR index value calculation: 

|9.4 (1.375) + 5.77 (1. 00)J 1.30 (20.60) = 501 CMR for 4C-1686 
Lowest CMR index number best. 
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TABLE 58 


INLET MATERIAL EVALUATION 
Average Average 

Corrected Corrected Raw 



Motor 

Erdsion 

Rate 

Char 

Rate 

Specific 

Gravity 

Material 

Cost 

CMR 


Material Tested 

No. 

(mils/sec) 

(mils /sec) 

P 

($/lb) 

Index 

Rank 

1. SP-8030-96 Silica 

4, 6 

28.05 

1.77 

1.60 

4.90 

344 

2 

2. 4C-1686 Carbon 

2 

9.14 

8.10 

1.30 

20.60 

584 

4 

3. SP-8057. Carbon 

3 

12.80 

3.87 

1.40 

15.00 

484 

3 

4. LCCM-2626 Graphite 

Particle 

5 

14.17 

12.59 

1.80 

0.75 

46 

1 

5. WB-8217 Carbon 

(Standard) 

NOTES: 

1 

10.99 

5.45 

1.42 

20.97 

653 



1. Char thickness for LCCM-2626 was assumed to be 0, 75 in. (from TU-622 test data). 

2. Erosion rate factor of safely == 1. 5 
Char rate factor of safety = 1. 0 

3. Typical CMR index value calculation: 

jl2. 80 (1. 50) + 3. 87 (1. 00)j 1.40 (15. 00) =? 484 CMR for SP-8057 
Lowest CMR index number is best. 
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TABLE 59 


THROAT MATERIAL EVALUATION 


Material Tested 

Motor 

No. 

Average 

Corrected 

Erosion 

Rate 

(mils/sec) 

Average 

Corrected 

Char 

Rate 

(mlls/sec) 

Specific 

Gravity 

P 

Raw 

Material 

Cost 

($/lb) 

CMR 

Index 

Rank 

1. SP~8030~96 Silica 

4 

21.32 

1.51 

1.60 

4.90 

263 

2 

2. SP-8057 Carbon 

0 


4.40 

1.40 

15.00 

401 

3 

3. LCCM-2626 Graphite 

Particle 

2,5 

11.07 

12.79 

1. 80 

0.75 

40 

1 

4. SP-8050 Carbon 

3 

8.95 

6;29 

1.44 

16. 50 

469 

4 

5. MX-4926 Carbon 

1 

7.38 

6.92 

1.40 

23.00 

579 



(Standard) 

NOTES: 

1. Char thickness for LCCM-2626 was assumed to be 0. 75 in. (based on TU-622,test data). 

2. Erosion rate factor of safety = 1. 50 
Char rate factor of safety = 1. 00 

3. Typical CMR index value calculation: 

[21.32 (1. 50) + 1. 51 (1. 00)j 1. 60 (4. 90) = 263 CMR for SP-8030 
Lowest CMR index number is best. 
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TABLE 60 


FORWARD EXIT MATERIAL EVALUATION 


Material Tested 

Motor 

No. 

Average 
Corrected 
Erosion 
Rate - 
(mils/sec) 

Average 
Corrected 
Char 
, Rate 
(mils /sec) 

Specific 

Gravity 

P 

Raw 

Material 
Cost 
■ _i$/lb) 

CMR 

Index 

■ Rank. 

23rRpU Asbestos 

4 


Material Lost During Test 


— 

a 

KF~418 Canvas 

6 

12. 24 

l' 63 ' 

1.35 

1.50 

34 

1 

SP-8057 Carbon 

3 

2.61 

6.17 

1.40 

15.00 

198 

2 

LCCM^‘2626X 
Graphite F^article 

5 


Material Lost Locally During Test 


— 

LCCM-2626X’ 
Graphite Particle 

2 

15.74 

8.62^ 

1.80 

0.75 

38 

a 

SP-8050 Carbon 
(Standard) 

1 

1.99 

8..15 

1.44 

16,50 

253 

3 


^Material LCCM-2626X needs further processing development to be applied on' this area. 
^Char depth thickness was assumed to be 0.50 in. for LCCM-2626X. 

NOTES: 

1. Erosion rate factor of safety = 1. 25 
Char rate factor of safety = 1. 00 

2. Typical CMR index value calculation: 

|(12. 24) 1. 25 + 1. 63 (1. 00)J 1. 35 (1. 50) = 34 CMR for KF-418 
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TABLE 61 


AFT EXIT MATERIAL EVALUATION 


Material Tested 

Motor 

No. 

Average 

Corrected 

Erosion 

Hate 

(mlls/sec) 

Average 

Corrected 

Char 

Rate 

{mils /sec) 

Specific 

Gravity 

P 

Eaw 

Material 

Cost 

($/lb) 

CME 

Index 

Bank 

MXS-198 Silica 

4 

2.93 

4,66 

1.50 

6.10 

76 

4 

FM-5272 Paper 

6 

4.55 

0.58 

1.3'4 

2.00 

17 

2 

KF~418 Canvas 
(Standard) 

1 

1.57 

3.08 

1.35 ‘ 

1.50 

10 

1 

SP-8030-9*6 Silica 

3 

2.48 

3.83 

1.60 

4.90 

54 

3 

LCCM-4120 Graphite 
Particle 

5 

0.54 

8.39^ 

1.50 

0.75 

10 

1 

LCCM-2626X Graphite 
Particle 

2 

11. 12 

8. 60^ 

1. 80 

0.75 

30 



^Char depth thickness assumed to be 0. 50 in. for LCCM-2626X and LCCM-*4120 . 
Material needs further Improvement before it can be used for aft exit cone. 

NOTES: 

1. Erosion rate factor bf safety == 1. 25 
Char rate factor of safety = 1. 00 

2. Tjrpical CME index value calculation: 

^2.48 (1.25) +3.83 (1*60) (4.90) = 54 CMR for SP-803-96 

Lowest CME index number is best. 
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TABLE 62 


'SUBSCALE MATERIAL COST RATING 


Rating 

Submerged 

Liner 

Nose 

Inlet 

First 

FM-5272 

Paper 

KF-418 

Canvas 

LCCM-2626 
Graphite Particle 

Second 

KF-418 

Canvas 

FM-5272 
Paper ' 

SP-8030-96 

Silica 

Third 

'MXA-6012 
Asbestos . 

SP-8030-96 

Silica 

SP-8057 Carbon 

Fourth 

23-RPD 

Asbestos 

SP-8057 

Carbon 

4C-1686 Carbon 


Throat 

Forward 

Exit 

Aft Exit 

LCCM-2626 
Graphite Particle 

KF-418 Canvas 

.KF-418 Canvas 

LCCM-4120 
Graphite Particle 

SP-8030-96 

Silica 

SP-8057 Carbon 

FM-5272 Paper 

SP-8057 Carbon 

SP-8050 Carbon 

SP-8030-96 

Silica 

SP-8050 Carbon 

a 

MXS-198 Silica 
Epoxy Novolac 


^Only three materials qualified. 
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TABLE 63 


260 IN. FOUR NOZZLE ABLATIVE MATERIAL MATRIX 


Low Cost 
Material Nozzle 

Submerged 

Liner 

Nose 

Met 

Throat 

Forward 

Exit' 

Aft Exit 

1 

FM«5272 
Paper (1) 

WB-8217 

Carbon 

WB-8217 

Carbon 

MX-4926 

Carbon 

SP-8050 
Carbon (3) 

KF-418 
Canvas (1) 

2 

KF-418 
Canvas (2) 

KF“418 
Canvas (1) 

LCCM-2626 
Graphite Particle <1) 

LCCM-2626 

(1) 

SP-8057 
Carbon (2) 

LCCM-4120 
Graphite 
Particle (1) 

3 

23-RPI) 
Asbestos (3) 

FM-5272 
Paper (2) 

SP-30 30-96 
Silica (2) 

SP-8030-96 
Silica (2) 

XF-418 
Canvas (1) 

PM-5272 
Paper (2) 

4 

MXA-6012 
Asbestos (4) 

SP-8057 
Carbon (3) 

SP-8057 
Carbon <3) 

SP-8050 
, Carbon (4) 

SP-8050 
Carbon (3) 

MXS-198 j 
Silica (4) 


NOTE; Numbers in parentheses indicate sub scale material cost rating 



TABLE 64 


INSXJLATIVE LINER EVALUATION, 


Sufoscale Nozzle 
Material 

(Ib/cu in. ) X 

($/lb) = 

“(CR) 

Rank 


Exit Cone Backup Insulation 


1581 glass pbenolic 
MXB-6001 

0.073 

3.60 

0.26 

4 

KF-418 canvas 
phenolic 

0.049 

1.50 

0.07 

1 

23-RPD asbestos 
phenolic 

0. 054 

4.25 ' 

0.23 

3 

MXA-6012 asbestos 
phenolic 

0.058 

1.85 

0.11 

2 

EM-52T2 paper 
phenolic 

0.048 

■ 2.00 

0. 10 

' a, 


Throat-Inlet Insulation 



KF-418 canvas 
phenolic 

0.049 

' 1.60 

0. 07 

1 

23-RPD asbestos 
phenolic 

0.054 

4.25 

0,23 

3 

MX-6012 asbestos 
phenolic 

0.058 

1.85 

0.11 

2 

SP-8030-96 silica 
phenolic 

0.057 

4.90 

.0, 28 

4 

FM-5272 paper 
phenolic 

0.048 

2.00 

0. 10 

a 


^Material eliminated from consideration becanse of only adequate 
structural integrily. 
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0 PROPELLANT STAR VALLEY 

A BETWEEN PROPELLANT STAR VALLEY AND STARPOINT 
O PROPELLANT STARPOINT 



NOTES 

1. C2 DATA SHOWED HIGH EROSION DUE 
TO SP- 8030- 96/SILICA MATERIAL 
INTERFACE ON NOZZLE NO. 5, 

2. LCCM-2626 GRAPHITE PARTICLE 
TESTED AT C ON SUBSCALE NOZZLE 
NO. 5 AND AT D ON SUBSCALE 
NOZZLES 2 AND 5. 

3. FOR CHAR DESIGN LINE, USE TU-622 
CHAR RATES. 


SP-8030 

SILICA 





ASSUMED SEPARATED 
FLOW AREA 


24535-64 


Figure 221. LCCM-2626 Erosion Performance Curve 
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□ PROPELLANT STAR VALLEY 

A BETWEEN PROPELLANT STAR VALLEY AND STARPOINT 
O PROPELLANT STARPOINT 





NOTES: 

1. +THIS AREA WAS NOT PLOTTED BECAUSE IT WAS NEXT TO LCCM-2626X 
WHICH ERODED OUT IN THE FORWARD EXIT CONE. 

2. LCCM-4120 GRAPHITE PARTICLE WAS TESTED IN SUBSCALE NOZZLE NO. 5. 

3. TU-622 CHAR RATES SHOULD BE USED FOR CHAR DESIGN LINE. 

24535-82 


Figure 222. LCCM-4120 Erosion Performance Curve 
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Figure 223. SP<8057 Brosion Performance Curve 
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0 PROPELLANT STAR VALLEY 
A BETWEEN PROPELLANT STAR VALLEY AND-STARPOINT 
O propellant STARPOINT ' ^ ‘ •' 







Q 

.A 







a 

O. 

■o 



aP ! 

O / 

'^6 ■ ; 



„ 

2- 




/ ‘ 



L— 







SUBSCALE BESIGN LIN 


EROSION RATE. H/CP jfi) 12,000 (MILS/SEC) 
P 



NOTE: SP-8057. CARBON TESTED AT B, 
C, AND E IN SUBSCALE NOZZLE 
NO. 3 AND AT D IN SUBSCALE' 
NOZZLE NO. .6. 


.’Figure 2-24. SP^8057 Char Performance Curve • 


306 ' 





307 








a PROPELLANT STAR VALLEY 

A BETWEEN PROPELLANT STAR VALLEY AND STARPOINT 
O PROPELLANT STARPOINT ' 



NOTE: SP-8050 CARBON TESTED AT D 
IN SUBSCALE NOZZLE NO. 3 
AND AT E IN SUBSCALE 
NOZZLE NO. 1. 



I 

Figure 226. SP-8050 Char Performance Curve 
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Figure 227. WB-8217 Erosion Performance Curve 
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□ PROPELLANT STAR VALLEY 

A BETWEEN- PROPELLANT STAR. VALLEY AND STARPOINT 
O PROPELLANT STARPOINT 



EROSION RATE, H/CP (j3) 12,000- (M1LS/SEC) 

P 


NOTE: WB-8217 CARBON TESTED AT 
B AND C IN SUBSCALE NOZZLE 
NO. 1. 



AFT CASE 


24535-88 


. , Figure- .22.8. WB-8217- Char Performance Curve 




EROSION RATE (MILS/SEC) 






NOTE: 


oLJ ^ ^ 1 ^ ^ 1 

0 2 4 6 ‘ 8 10 12 14 

EROSION RATE, M/CP 12,000 (MILS/SEC) 

P 



ASSUMED SEPARATED 
PLOW AREA 


MX-4926 CARBON TESTED AT D 
IN SUBSCALE NOZZLE NO. 1. 


24535-80 


Figure 230. -MX-4926 Char Performance Curve 
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Q PROPELLANT STAR VALLEY 

A BETWEEN PROPELLANT STAR VALLEY AND STARPOINT 
O PROPELLANT STARPOINT 


FOR Bi 
AREA ONLY 


_J a I • 


















I i I 1 

^THEORETICAL AND SUBSCALE DESIGN LINE 

\ 





\ 





\ 





\ 



hf 


\ 


% 



r ~'|8 

fil® 





1 — I __ 


- TU-622 

DATA 
1 



ERC^ON RATE, H/CP (g) 12,000 (MILS/SEC) 
P 


NOTES 

1. Bx DATA WAS FROM SEPARATED FLOW 
AREA AND SHOWED LOCALLY HIGH 
EROSION. 


2. 4C-1686 CARBON WAS TESTED AT 
B AND C IN SUBSCALE NOZZLE NO. 2. 



^ASSUMED SEPARATED 
FLOW AREA 
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0 PROPELLANT STAR VALLEY 

A BETWEEN PROPELLANT STAR VALLEY AND STARPOINT 
O propellant STARPOINT 



EROSION RATE, H/CP (P) 12,000 (MILS/SEC) 

P. 



NOTES: 

1 . B, DATA WAS FROM SEPARATED FLOW AREA AND SHOWED LOCALLY HIGH EROSION. 


2. HC-1686 CARBON WAS TESTED AT B AND C IN SUBSCALE NOZZLE NO. 2. 


Figure 232. 4C-1686 Char Performance Curve 
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El PROPELLANT STAR VALLEY 

A BETWEEN PROPELLANT STAR VALLEY AND STARPOINT 
O PROPELLANT STARPOINT 



NOTESt 

1. Bg DATA AT NOSE TIP SHOWED LOCALLY HIGH 

EROSION DDE TO PROPELLANT STAR GRAIN 
GAS FLOW. 

2. E DATA SHOWED HIGH EROSION, WHICH MAY 
BE DUE TO INTERFACE WITH CARBON SP-80S7 
THROAT MATERIAL. 

3. KF-418 CANVAS TESTED AT A AND B IN B 

SUBSCALE NOZZLE NO. 4, AT E IN NO. 6, ^ 

AND AT F IN NO. 1. 


24535~94 



Figure 233. KF-418 Erosion Performance Curve 
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NOTES: 

1. DATA AT NOSE TIP SHOWED LOCALLY 

HIGH EROSION DUE TO PROPELLANT 
STAR GRAIN GAS FLOW. 

2. E DATA SHOWED HIGH EROSION, WHICH 
MAY BE DUE TO INTERFACE WITH ' 
SP-8057 CARBON .THROAT. 

3. KF-418 TESTED AT A AND B IN SUBSCALE 
NOZZLE NO. 4, AT E IN. NO. 6, AND AT 

F IN NO. 1. • 



24535-83 


Figure 234. KF-418 Char Performance Curve 
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O PROPELLANT STAR VALLEY 
A BETWEEN PROPELLANT STAR VALLEY AND STARPOINT 
O PROPELLANT STARPOINT 















51 



SUBSCALE DESIGN LINE FOR Bg NOSE AND 
, AFT EXIT F ! 1 


Subscale design line 

_ FOR B NOSE AND SUB- 
MERGED LINER A 


2 4 6 8 10 12 14 16 18 20 22 

TOTAL HEAT FLUX, QT {BTU/SO PT-SEC x lO*^} 


NOTES: 

1. Bg DATA AT NOSE TIP SHOWED HIGH 

LOCAL EROSION DUE TO PROPELLANT 
STAR GRAIN GAS FLOW. 

2. FM-5272 PAPER TESTED AT A IN 
SUBSCALE NO. 1 AND AT B AND F 
IN SUBSCALE NO. 6. 



ASSUMED SEPARATED 
PLOW AREA 
_AET CASE 
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Q PROPELLANT STAR VALLEY 

A BETWEEN PROPELLANT STAR VALLEY AND STARPOINT 
O PROPELLANT STARPOINT 


L3 ^d6scal$: 

° J DESIGN LpE 
EOR B2 NDSE- 
^ ^AND-F AFT 


SUBSCALE DESIGN 
" LINE FOR B NOSE | 
AND A SUBMERGED 
LINER I 


TOTAL HEAT FLUX, QT {BTU/SQ FT-SEC X 10"2) 


NOTES: 

1. B^ DATA AT NOSE TIP SHOWED HIGH 
LOCAL EROSION DUE TO PROPELLANT 
STAR GRAIN GAS FLOW. 

2. FM-5272 PAPER TESTED AT A IN 
SUBSCALE NO. 1 AND AT B AIH) F IN 
SUBSCALE NO. 6. 


ASSUMED SEPARATE 
FLOW AREA 
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B PROPELLANT STAR VALLEY 



0 2 4 8 3 10 12 14 16 18 20 22 


TOTAL HEAT FLUX, OT (BTU/SQ FT-SEC x 10“2) 


NOTES 

1. Cg DATA AT INLET SHOWED LOCAL HIGH EROSION ON ONE TEST 
DUE TO PROPELLANT STAR GRAIN GAS FLOW, 

2, SP-8030-96 SILICA TESTED AT A 
IN SUBSCALE NO. 6, AT B,IN 
SUBSCALE NO. 5, AT C IN SUB- 
SCALE NO. 4 AND 6, AT D.IN 
SUBSCALE NO. 4. AND AT F IN 
SUBSCALE NO. 3. 



ASSUMED SEPARATED 
FLOW AREA 


24535-05 

Figure 237. SP-8030-96 Erosion Performance Curve 
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□ PROPELLANT STAR VALLEY 

A BETWEEN PROPELLANT STAR VALLEY AND STARPOINT 
O propellant STARPOINT 



TOTAL HEAT FLUX, OT (BTU/SQ FT-SEC x 10--^) 


PROPELLANT STAR GRAIN GAS FLOW. 
SP-8030-96 SILICA WAS TESTED 


AT A IN SUBSCALE NO. 6, 
AT B IN SUBSCALE NO. 5. 


AT C IN SUBSCALE NO. 4 
AND 6, AT D IN SUBSCALE 


NO. 4, AND AT F IN 
SUBSCALE NO. 3. 



Figure 238. SP-8030-96 Char Performance Curve 




Figure 239. MXS-198 Erosion Performance Curve 
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0 PROPELLANT STAR VALLEY > 

A BETWEENiPROPELLANT STAR VALLEY ANB STARPOINT 
O PROPELLANT STARPOINT 




TOTAL HEAT FLUX. OT {BTU/SO FT-SEC X 


1. MXS-198 SILICA WAS' TESTED AT F 

IN SUBSCALE TEST NO. -4. 



/ ASSUMED SEPARATED 

/ FLOW AREA 


Figure. 240.- MXS-198 Char Berformance Curve. 



EBOSION BATE (MilS/SEC) 


0 PROPELLANT STAR VALLEY 

A BETWEEN PROPELLANT STAR VALLEY ANB STARPOINT 
O PROPELLANT STARPOINT 



TOTAL HEAT FLUX, QT (BTU/SQ FT-SEC x'10“2) 

NOTES 

1. E DATA WAS NOT PLOTTED BECAUSE IT DID NOT SURVIVE MOTOR FIRING. 

2. 23-RPD ASBESTOS WAS TESTED AT A IN SUBSCALE TEST NO. 3 AND AT E 
IN SUBSCALE NO. 4. 



24535“73 


Figure 241. 23*-RPD Erosion Performance Curve 
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Q PROPELLANT STAR VALLEY 

A BETWEEN PROPELLANT STAR VALLEY AND STARPOINT 
O PROPELLANT STARPOINT 



TOTAL HEAT FLUX, QT (BTU/SQ FT-SEC x 10"2) 


NOTES 

1. E DATA IN THIS REGION WAS NOT PLOTTED BECAUSE IT DID NOT 
SURVIVE MOTOR FIRING, 

2. 23-RPD ASBESTOS WAS TESTED AT A IN SUBSCALE NO. 3 AND AT E IN 
SUBSCALE.NO. 4. 



24535-74 


Figure 242. 23-RPD Char Performance Curve 
324 




Figure 243, MXA-60X2 Erosion Performance Curve 
S25 






B PROPEIXANT STAR VALLEY ^ * 

A BETWEEN PROPELLANT STAR VALLEY AND STAHPOINT 
O propellant STAHPOINT 



0 2 4 6 8 10 12 14 16 


TOTAL HEAT FLUX, OT {BTU/SQ FT-SEC x lO-*^) 


•1 . IVIXA-6012 ASBESTOS TESTED AT A IN SUBSCALE TEST NO. 2. 



^ ASSUMED SEPARATED 

FLOW AREA 
- AFT CASE 


Figure 244. MXA-6012 Char Performance Curve 







Figure 245^ Major Cotnputer Subroutines and Flow Path 
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Figure 246* Modifying Design on Graphic Display Console 


TABLE 66 


COMPUTER OUTPUT, LINER THICKNESS DESIGN 


NUZUc .INSULATION OcSlCN, (PACE 1) INSULATION ST ATI ON TABLE 


FSE MOO XOCT TLE FSC TLC TLV TL 


TTOT L NO._ 


0,060 0.921 L 270 
0.060 i.„7.62_L. 


SON 

61 THROAT » 
70P' 


"l,124 -17.500 47.230 0.672 457.57 

1.000 0.0 l.000_ 337.63 

1.c 7S6' d“.033 "4"5 .'787 "1.253 248. 2'7 


7.Ys i”5ic 1.00 1.033 0.505 P.546 0.315 1 0.0 0.315 2.863 L 

8.26 1.153 1.00 0.968 0.576 2.697 0.315 0.0 0.315, 3.013_L , 

■ 5.‘Z9 C.737 1.00 0.964 0,'369 '2.071 0.315 I 0.0 0.315 2.386 L 

5.'z'9 "o.‘T 37 r.ob 0.9'64' 0‘."l84' 1 .T86 0.257 1 0.242 OMOO V.386 'L 
5.03 W.7C0 1.00 0^960 0. 175 l._835 0.257 0.0 ,0.257 2. 093 L 

"a". 7 V o' ~Ci>Y i 7 0 o" b . 9"5V "o 7 i 67 1 . 7"9 C 0^257 0.0 0.257 2.047 L 

4.58 0.638 1.00 0.951 ,0.15? 1.748 0.257 I 0.000 0.257 2.006 L_. 

4.56 0.638 1.00 0.951 0. 159 1. 7AE 0.257 1 0. 0 0, 257_2.00_6 L 

2.93 0.4C8 I.'OO 6.385 0;i6'2 1.395 6.257" "O.O 0.257 1.653 L 

2.32 0.324_l.qp 0.,^2 0.08,1 1^.22 7 0^5J p._0 , . ,0. Z5,7„,l.. 40^_k . 

2.01 O.feO i.OO" 0.763 6.C70‘"1.U3 0.257 i 0,0 0.257 1.370 L 

з. 09 6.430 1.00 0.38C 0.103 3. 91E 0.257 1 0.194 6'. "452 1,370 l"' 

0.97 0.136 l.OO 0.305 0.0J4 0.475 0.257 0.0 _0,25_7 0._732 L_. 

C.C O.O" 1.00 0‘.244 3.0 oY'a'a 0.257 0.0 0.257 0.502 L 

и. O 0.0 l.Op (K195 0.0 g.l?,5 0.,257_, 0.0, 0^,257, 0,j.4y„L„. 

SL 1,254 21.046 4,9.389 ,1.551 lo4_.25 l.?> 1.00 4.60 0.6^t0 1.00 0.,9j52 0. 160 1.752 0.257 0.0 0 . 257. 2.009 ,L 


ton" ■ 1.056 ■ 8.038 45.737 1. 250 

7.1 1.124 12.032 47.236 ,l-365_ 

''f.z" ”1.192' 17.090 48.6A1 1.480 

aO,P 1.260 21.,422 50.007 1..558 

80N 1.2ti0 21.422 5C.007 1.558 

*8.1 " ' 2. "29 7 ■ 76.948 ~57.Vl"4 'z'.lo'o' 
&.? 3,333 12O.70^31,.^37 Z.Jt^S 

"14UP ' 4,3‘70 153.189 93. 130 2. 654 

140M ■■ 4.3*70 153". 189" 9'3.136 Z'.oSA* 

14.J 6.500 225.^1 114.277 2, 940 

" ■ IA'.Z" ■ 87790 28l. 72-i "fiZ.Ca'l 57136" 

15IEXIT1 „ 11.000 331.<*4C 142. 756 3.285 


246.27 
208.98 
r8r.'59 ' 

162,. 6,9 

162.69 
■ 59;62 
32-,69 
23.73' 

" 23 .'78 
JL3.27 
9.32 


1.50 1.00 
1.50 1.00 
ll5b l.OC 

1.2 5 l.OO' 
1.25 l.OO 

1.2 5 l.0"0 

1.2 5 L.,00 

1,?5 l.OC 
l."2 5 I.O'O 
1.2J l.OO 
L.25 1.00 

1.25 l.OO 

1.25 1.00 

1.25 1.00 

1.25 1.00 


378 

41^ 

'450 


54,P_ 

Vs 8 

576 

594 

612’ ‘ 
630 
648 
666 


OS'* . 


OUST 
INS T 
" EPS " 


ESfc 

XUOT 
' TLE 


BOUNDARY' STATION SYP3CL 

INTtRMEQJAT^ST^TION SYMBOL 

■"EXPANSION RATIO AT STA'TION 
AXIAL DISTANCE JOWNSTRtAK OF THROAT HN) 
rVOIUV F'r'OM AXI'S I'ltJ) 

MACH NUMBER 

■ STATIC 'pressure 

FACTOR OF S.1FETY, EROSJON 

Trosion raTe .mult iRTer 

EROSION Rjy§ 01- LINER IHILS PER SECI 

■ ERQUED LINER THICKNE'SS t IN J 


DEFIM TION OF SYMBOLS 

FSC TACTCR OF SAFETY, CHAR 

TLC CHARRED L INER_THICKNES5 (INL - „ . . 

‘tl'v Vl'RCfNTlN'E ? 'thickness AT ENC OF FIRING (INI 

TL total liner THICKNESS AT IGNITION, TLE + TLC +, TLV III), , _ 

fou RE'QUIRED BACK'UP insulation TFiCKNESS (IN) 

A boundary match FLAG I 1 REQUIRES MATCHING OF TTQ.T ON E,ACH ,S1 DEj, , 

TQM EXfRA eACKUP'N'ECESSARY FUR MATCH OP TTCT (IN) 

TO TOTAL BACKUP THICKNFSS^ TRU T,BM, _{_IN 1, . 

"TTOf TO'rAL”'OF LINER AND*BACKUP"'tHICkNESSES, TL ♦ TB, (IN) 

LNO L number UF EPS , NUMBERS ARF SEQUENTIAL FROM LEFT TO RIGHT 
SPLI IL'INE, FLANGE, OR INJECTOR STATION IN EXIT 


SOME VALUES IN TABLE ARE NUT OPTIONAL INPUT, SEE DIAGRAM IN USERS MANUAL FOR THIS. NOZZLE D.ESIGNATOR 

— IF xOOf "is ' I MPUT at 'THPQ iT,XDOT A'T EACH'STATIQN WILL CHANGE BY THE RATIO (XCOT THRCAT INPUT/XDOT THROAT CALCULATED) 
EXCEPT AT STATIONS LhCRC XCOT ,tS. ALSO INPUT. USE , M.UO TO CHANGE THRCAT_XDp_r ONLY. 
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TABLB 66 


COMPUTER OUTPUT, LINER WEIGHT 


6ASI: 

iiUZJLE INSULATIOh DESIGN (PASfc 2) MA TERlALSt WEIGHT SOMWYf AMO THROAT INSERT GC0H6JRY 

MAltRIAL ILcNriFICATIliM AND rTCIOHT C? IMrOLATlON SECflOHS StTWEEA STATIONS' 

SCtnCN LINER LINER BACKU’ ‘ BACKUP TOTAL L NUMBEiv 

MATERIAL , -.EIGHT MAJXRIAL HEIGHT SECTION OF LINER 

CODE LB CODE LO ' WEIGHT 'CODE 

1-2IJP'” ” 2 206.55' ” '“3" “Oi.d' ‘ "" aOo.'SS l' 7D2 

"iON-<iLP " 7 'lies. ‘IS 3 07 j ' 11C5.90 L 717 

■■■'ADN-SLV 7 17T0.72 3 ' 14V..95 3221.60 L 72 7 

5DH-7LP “7 ■■ " lia'c'.z'*? — ^ - 2293705 ' 3413 794 l''732' 

7liff-PLP 7" 406'. 92 ~"T' lG9b24 " 516.17 L 742 XAIERIAL COOES ARE IDF.NTIFIEO IN INSULATION 

'6DN-14UP 7' 6l6l'.72 3 1117.71 7279.43 L 74 7 PATERIALS TABLE AT BCTTCM OF PAGE 

"T4DN~T5 ' 2 “ ■ ■ 451U22" - “ 3 jT 637‘6“7 " “ 'f'?"?’? . 8*9 \ ”752' 


■ 'I iCSUl AT 1 CN K AT ERI ALS 
'COO'E ' ' NAME 


VIRGIN DENSITY CHAR DENSITY L NUMBER OF 
ILB/IN«*3> "(LB/IN**3T VI R. 'OENS. 


1 "'CR'APHITc CLOTH' PliEN'iILIC ' ■' ' U.0S21 
2_ SILICA CLOTH PHENOLIC 0.C632 

3" "GLASS' CL'QTH PHENOL I'C ' ~ " 0.0660 

4 HIGH DENSITY GRAPHITE 0.C686 

i ' PYRCLYTIC G'RAPHfTE ' ' " 670777‘ 

6 TUNGSTEN ' _ 0.6980 

7~ ' CAR 00 N CLOT H 'PHE rio'L I C ' 0 . 0 5 2 1 ' 

« ASBESTOS CLOTH PHENOLIC 0.0637 

9 FILLbO BUNA RUBBER J.04o4 

10 FIBROUS GRAPHITIC COMPOSITE 0.0506 

11 FOROUS TtlNCSlEN O.SSBt 

12 O.u 

13 " " ■ ' . - - - 

14 0.0 

15' 0.0 


07c3'7'6 L 757 

0.0509 L 759 

*0'.C538 L 761 

0.0 L 7o3 

6,0' I' 765 

0 ,0 L 767 

0.0376 L 7c9 

0.0539 L 771 

0.0 230 L 773 

0,0 L 775 

0.0 L 777 

O.C L 779 

0.6 "' ■ l' 76l 

0.0 L 7B3 

0.0 L 785 


'l'nUMBFRS IN'aLL THREE 
TABLES ARE CCNSECUTivE 
FROM LEFT TO RIGHT 



TABLE 67 


COMPUTER OUTPUT, _ STEEL STRUCTURE WEIGHTS 


aASf. 

WOAZU .SrauCTURAL OlSIGA (PArr 1» aiNGS. SUEILS, AJP S°ilCl,U STATIOMS 


SroilCTUf-AL 


SAHETY ,-!ArLRIAL 

cACTCu ciwe 


K TO R TO AAIAL 

CENTROIO CENTRO 10 LEN'CTh 
{‘INI * “ " ("IN) ■ (INI 


RADIAL 

THICKNESS 

(INI 


/(EIGHT HINIHUK L NUMBER 
THICKNESS OF SAFETY 
(LB) ( IN) FACTOR 


fI'ange f.?i> 

FIXED cXTSjVSION . 1./J5, 


?I. )6B 
:;5.090 


53,3‘tZ 
48. 575 


I ."844 
24. 325 


2.757 

0.G48 


486.59 

.1339.98 


C.)G ‘ L 787" 
g.,20. L B03, 


STRUCTURAL SHELLS 

' SAFETY hATru'lAL “X, UP STREAM 

SHLLL factor code , CNO ^ , 

”( STAT“lUN-T0-STArf0«:) . - - — - 


X.OOWNSTRbAN THICKNESS THICKNESS ViEIGHT MINIMUM ~ L NUMBER* 

END UPSTREAM DOMNSTPCAH THICKNESS OF SAFETY __ 

(IN) ' " (IN) "(IN)' ' (L6I ('iNl ” 'factor 


VS 7-9 
hS' 9-12 
kSl2-lp 


1.25 2 

1.25 2 

_ 1-25 6 


8.018 21.046 
*21. 346 170.243 
I76._24J 


0.648 

0.236 

0.425 


0.446 666,71 0.100 L 89.9_ 

0.219 4 598.96 0.100 L ”9"07 

0,232 _ 1810.08 0.0.50 L 923 


SPECIAL STRUCTURAL S_TATI3NS 

STATION X FROM RADIUS TO L NUMBER 

THROAT LINER SURFACE Q-F ""x 
(IN) (IN) 


9 21.046 

"12 176.243 


931 
933 ' 


.. . MA.TER.1AL ..C goes. REFER TO STRUCTURAL. HAT ER I ALS J.ABL E ON_NE_XT PAGE 
BASE 

..NO.ZZJ-E STRUCTURAL OE SICN (.PAGJ-. 2) ST RUC TURAL MATERIALS . 


STRUCTURAL MATERIALS. 




DENSITY 

MODULUS 

DESIGN 

COMPftbSSIVb 

POISSONS 

L 

NUMBER 

CODE 

NAME 



STRENGTH 

YIELD STRENGTH 

RATIO 

OF DENSITY 



(LB/IN4*3) 

(PSl 1 

(PSD 

(PSI ) 












..JL-KyM8EJRL5..AJ?i _ 


MAKAGING STEEL 

d.2370 

2 7000000, 

215000. 

2CQOOO, 

6. 30 

L 

935 CONSECUTIVE FROM 

2 

130,000 ULTIMATE STCEL 

0.2830 

29000300. 

180000 . 

179000. 

0.30 

L 

940 LEFT TO RIGHT.) . 

3 

90,OCO ULTIMATE ST'-*fcL 

C.233n 

29COOOOC. 

90000. 

700CO. 

0.30 

L 

945 

4 

EAL-4V T1TAN1U*1 

0.1 60U 

16500000. 

160000. 

155CCC. 

0. 31 

L 

950 

s 

7075- T6S2 ALUMINUM 

0. lol'' 

10500000. 

700C0. 

6 3000'. 

0.33 

L 

955 

6 

structural FIOCKGLASS 

O.O7C0 

4CQCJ0C. 

SOOv/pO. 

45000. 

0.25 

L 

960 

7 

beryl'l'ium 

0.0660 

42500000. 

40000. 

30000. 

0,30 

L 

965 

8 

FGLYdCL-NUM 

0.3c80 

47000COC. 

900CO. 

90000. 

0.3n 

L 

970 

9 

COLUMBIUn 

0.3100 

1500000c. 

40000. 

400CO. 

0. 30 

L 

975 

10 

304 STaINLCSS STEEL 

0.2860 

20000000. 

1250C0. 

55000. 

1 0, 30 

L 

980 ...... 

li 

17-7 PH STEEL 

0.2760 

29COC30(>, 

170030. 

75000, 

n.30 

L 

985 

12 


0.0 

0. 

0 . 

n. 

, 0.0 

L 

950 

li 


J.O 

o’. 

0. 

9. 

0.0 

L 

995 

14 


3.0 

3. 

0. 

0. 

0.(' 

L 

1000 

13 ■ 


0.0 

0. 

0. 


0.0 

L 

1005 

lo 


0,0 

0. 

0. 

0. 

o.c 

L 

10 10 

' 17' 


tIo 

c. 

0. 

0. 

0.0 

L 

1015 

■ 18 

FLEXIBLE SEAL ELASTOMER 

J.y470 

OO. ( SHEAR ) 

5Cy.(SHEA: 

P) 

- 0.4908 

L 

1020 ■ ' 

HOiJCYCCRB MATFRIALS •' 








IV 

FU.<bYCa'!J Cil«l 

20.0c '33 





L 

1061 


J*L if •'**' 

IN STRUCTURAL '>.HtLL f4.>l,C J., i 

P <HVtCU‘. PAGE ( IF 

SHFLL CODE ; S 

20, 

, HONEYCOMB IS USED*')" 


C!)0s(\P.CVc TARL4) 

iiji.EYC'jij FAC no 4. 

UOlLf HCKCYCJ 'I '■tcn.o 


(, '.UMnci' 'ir =AC(..T C;,Dt STORAGE U'CMIIY 

L IC.O 
L lf'-4 ■ 
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Figure 248. 260 In. Convective Heat Transfer Coefficient vs Axial Location (Carbonaceous Wall) 




TOTAL HEAT FLUX, Q.j. (BTU/SQ FT SEC) 



Figure 249. 260 In. Total Heat Flux vs Axial Location (Asbestos Wall) 








TOTAL HEAT FLUX;Q^ (BTU/SQ KT-S?C) 









Figure 261. 260 In. Total Heat Flux vs Axial Location (Paper-danvas Wall) 




TABLE 68 


260 IN. LOW COST MATERIAL EROSION-CHAR RATES , 


Submerced Liner 

Nose 


Inlet Rinpr 

, Throat 

Forward Exit Cone 

Aft Exit Cone 

Erosion 

Rate Char Rate 

(mils/sec) (mils/sec) 

Erosion 

Rate Char Rate 

(mils/sec) (mils/sec) 

Erosion 

Rate Char Rate 

(mils/sec) (mils/sec) 

Erosion 

Rate Char Rate 

(mils/sec) (mils/sec) 

Erosion 

Rate Char Rate 

(mils/sec) (mils/sec) 

Erosion 

Rate Char Rate 

(mils/sec) (mils/sec) 


FM-5272 


SP-8030-96 

SP-8030-96 


MXS-198 


33.2 

1.30 

29. 7 3. 3 

27.0 3.0 

__ 

3.5 5.2 

KP-418 

KF-418 




KF-418 

FM-5272 

9,7 2.7 

37.0 

3.7 



29.5 3.5 

4.0 0.50 

23-RPD 



SP-8057 

LCCM-2626 

SP-8057 

KF-418 

10. 8 2. 4 



14.2 5.4 

15.10 13.04 

11.85 5.75 

2.75 2.75 

FM-5272 



LCCM-2626 

SP-8050 



7.0 2.8 



16. 2 12. 85 

10.63 7.67 



MXA-6012 

SP-8057 


WB-8217 

MX-4926 


LCCM-4120 

13. 7 2. 6 

14.20 

5.40 

11. 58 4. 42 

10.92 4.38 


0 8.56 . 


WB-8217 




SP-8050 



11.56 

4.44 



9.59 7.91 




TABLE 69 


260 IN. NOZZLE AND COMPONENT WEIGHT SUMMARY 


Location 


Standard Base Line 
Nozzle 

Structure Steel Weights <lb) 

Low Cost Low Cost 

Material Nozzle No. 1 Material Nozzle No. 2 

Low Cost 

Material Nozzle No. 3 

Low Cost 

Material Nozzle No. 4 

9 Flange Steel 


487 

527 


538 

609 

551 

5-7 Throat Steel 


1,390 

1, 387 


1, 422 

1, 422 

1,401 

Forward Exit Steel 

687 

676 


633 

720 

677 

9-12 


4 , 993 

S, 022 


5, 059 

5, 088 

5,027 

12-15 Sandwich Aft Exit 

1.810 

1,811 


1, 818 

1, 799 

1,815 


Subtotal 

9, 353 

9, 423 


9, 530 

9, 635 

9,471 




Liner-Reinforced Plastic Weights (lb) 





Liner Backup 

Liner ^ckup 

Liner 

Backup 

Liner Backup 

Liner Backup 

Submerged Liner 

1-2 

317 0 

383 0 

51$ 

0 

665 0 

812 0 

Nose 

8-4 

1, 106 0 

1,961 0 

4,552 

0 

3, 681 0 

2, 167 0 

Met 

4-5 

1 , 777 1, 445 

1, 940 1, 305 

3, 626 

430 

3, 140 518 

2, 092 863 

Throat 

S-7 

1,120 2,294 

1, 146 2, 367 

2, 455 

1,148 

2, 541 1, 331 

1, 336 1, 597 

Forward Exit 

7-14 

6, 569 1, 227 

6,952 1,201 

7,276 

1,014 

12, 344 922 

7, 549 845 

Aft Exit 

14-15 

4.611 3, 168 

3, 409 5. 101 

6,588 

2,460 

2, 463 ' 6,764 

6,094 2,330 


Siiitotal 

23. 627 

25, 766 


30,064 

34, 369 

25,918 


Total Nozzle 








Weight 

32, 875 

35, 190 


39,594 

44, 004 

35. 389 


NOTE; Of the five designs, the Standard Base Line Nozzle and Nozzle 
No. 1 received the greatest level of design effort. 


•G3¥f(w ios 
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TABLE 70 


COST/PERFORMANCE EFFECTIVENESS OF FIVE FULL SCALE NOZZLE ASSEMBLY DESIGNS 


Nozzle 

Design- 

Total Cost 
($) 

Total Weight 

(lb) 

Cost/Lb 
- ($) 

Cost Change 
(%) 

Weight Change 
(%) 

Cost/ Performance 

Standard 

(Baseline) 

1,296,807 

32,875 

39.45 



100.00 

Nozzle 1 

1,183,888 

35, 190 

33.64 

-8.7 

+6.6 

96.39 

Nozzle 2 

933,972 

39, 594 

23.59 

“28.0 

+20.4 

88.00 

Nozzle 3 

863.635 

44, 004 

19.63 

-33.4 

+33.8 

88.83 

Nozzle 4 

1,179,795 

35,389 

33.34 

“7.6 

+7.6 

96.38 



TABLE 71 


STANDARD BASELINE NOZZLE 


I. COST 

A. MATERIALS (Table 72) 

B. NOZZLE SHELL 

9,352 lb Machined Steel at $20.00/lb 

C. LABOR 

33,000 hr at $10.00/ht 

D. MATERIALS CONTINGENCY FOR Hl^DROCLAVE 
CURE (10%) 

E. FACILITIES 

Hydroclave $2 , 000 , 000 . 00 

Tape Wrapper 275,000.00 

Total $2,'275,000.p0 

Amortized at six nozzles per year for 5 yr 

F . TOOLING AND HANDLING EQUIPMENT 

Tape Wrap Mandrels (4) $382 , 353 . 00 

Handling and Insp Equip ' 382,353.00 

Total $764^706.00' 

Amortized at six nozzles per year for 5 yr 

G. BURDEN 

H. GRANDTOTAL 
n. WEIGHT 

A. STEEL 

B. PLASTIC 

TOTAL NOZZLE WEIGHT 


$- 345,184.00 

$, 187^^60.00 

$ 330,000.00 
$ 34,518.00 


$: 75,-800.00 


$ 25,500.00 

$ 299,263.00 
$1,296,807.00 

9,352 lb 
23,523 lb 
32,875 lb 
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TABLE 72 


NASA 260' m. NOZZLE COST EFFECTIVENESS 
(Standard Nozzle) 


Nozzle 

Location 

Description 

Total Material Required 
(incl scrap factor) 

Total Cost 

Submerged OD 

Liner 

JVCX-2600 Warp 412 lb at $6.50/lb 

$ 2,680 

Nose 

Liner 

MX-4926 Warp 1,438 lb at $19.00/lb 

27,332 

Inlet 

Liner 

jVIX-4926 Warp 2,310 lb at $19.00/lb 

43,890 


Backup 

]VIXB-6001 Warp, 1,878 lb at $3.50/lb 

6,573 

Throat 

Liner 

MX-4926 Bias 1,624 lb at $21,00/lb 

34, 104 


Backup 

MX-2600 Warp 529 lb at $6.50/lb 

3,438 


Backup 

MXB-6001 Warp 2,453 lb at $3.50/lb 

8,586 

Fwd Exit 

Liner 

MX-4926 Warp 8,540 lb at $19.00/lb 

162,260 


Backup 

MXB-6001 Warp 1,595 lb at $3.50/lb 

5,583 

Aft Exit 

Liner 

MX-2600 Warp 5,994 lb at $6.50/lb 

38, 961 


Backup 

MXB-6001 Warp 4, 118 lb at $3.50/lb 

14,413 


$345, 184 


^Sc rap ^factor is 30% for warp tape, 45% for bias tape 
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TABLE 73 


NOZZLE NO. 1 COST AND WEIGHT BREAKDOWN 


I. COST 

A. MATERIALS (Table 74) 

B. NOZZLE SHELL 

9,423 lb Machined Steel at $20. 00/lb 

C. LABOR 

30, 000 hr at $10. OOAr 

D. FACILITIES 

Autoclave $1,000,000.00 

Tape Wrapper 275, 000. 00 

Total $1,275,000.00 

Amortized at 6 nozzles per year for 5 yr 

E. TOOLING AND HANDLING EQUIPMENT 

Tape Wrap Mandrels (4) $382, 353. 00 

Handling and Insp Equip 382, 353.00 

Total $764, 706. 00 

Amortized at 6 nozzles per year for 5 yr 

F. BURDEN 

G. GRAND TOTAL 

II. WEIGHT 

A. STEEL STRUCTURE WEIGHT 

B. PLASTIC WEIGHT 

TOTAL NOZZLE WEIGHT 


$ 354, 223. 00 

$ 188,460.00 

$ 300, 000. 00 


$ 42,500.00 


$ 25,500.00 

$ 273,205.00 

$1, 183,888.00 

9,423 lb 
25,406 lb 
35. 190 lb 
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TABLE 74 



NASA 260 IN. NOZZLE COST EFFECTIVENESS 
(Low Cost Nozzle No. 1)- 


Nozzle 

Location 

Description 

Total Material Eequired 
(inci scrap factor)®* 

' Total Cost 

Subnierged OD Liner 

FM-5272 Warp 498 lb at $2. OO/lb 

$ 996. 00 

Nose 

Liner 

WB-8217 Warp 2, 549 lb at $20. 97/lb 

53,453.00 

inlet 

Liner 

WB-8217 Warp 2,522 lb at $20. 97/lb 

52,886.00 


Backup 

MXB-6001 Warp 1,697 lb at $3. 50/lb 

5,939.50 

Throat 

Liner 

MX--4926 Bias 1,662 lb at $21. 00/lb 

34,902.00 


Backup 

-MX-2600 Warp 819 lb at $6. 50/lb 

5,323.50 


Backup 

MXB-6001 Warp 2,258 lb at $3. 50/lb 

7,903. 00 

Fwd Exit 

Liner 

SP-8050 Warp 9„ 038 lb at $17. 50/lb 

158, 165. 00 


Backup 

MXB-6001 Warp 1, 561 lb at $3. 50/lb 

5,463.50 

Aft Exit 

Liner 

KF-418 Warp 4, 432 lb at $1, 35/lb 

5,983.00 


Backup 

MXB-6001 Warp 6, 631 lb at $3. 50/lb 

23, 208. 50 




$354,223. 00 


^ Scrap factor is 30% for warp tape, 45% for bias tape 
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TABLE 75 


NOZZLE NO. 2 COST AND WEIGHT BEEAKDOWN 
(Segmented) 


I. COST 

A. MATERIAIB (Table 76) 

B. NOZZLE SHELL 

9, 530 lb Net Machined Steel at $20. 00/lb 

C. LABOR 

30, 000 hr at $10. 00/hr 

D. FACILITIES 


E. 


F. 

G. 


Autoclave $1, 000, 000. 00 

Tape Wrapper 275,000. 00 

Total $1,275,000.00 

Amortized at 6 nozzles per year for 5 yr 
TOOLING AND HANDLING EQUIPMENT 

Tape Wrap Mandrels (3) $286, 764. 00 

Segmented Molds (8) 80, 000. 00 

Handling and Insp Equip 382, 353. 00 

Total $749, 117. 00 

Amortized at 6 nozzles per year for 5 yr 
BURDEN 
GRAND TOTAL 


H. WEIGHT 

A. STEEL STRUCTURE WEIGHT 

B. PLASTIC WEIGHT 

TOTAL NOZZLE WEIGHT 


$160,370. 00 
$190,600. 00 
$300,000.00 


$ 42,500.00 


$ 24,970.00 
$215, 532. 00 
$933, 972. 00 

9,530 lb 
30, 064 lb 
39, 594 lb 
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TABLE 76 

NASA 260 IN. NOZZLE COST EFFECTIVENESS 
(Low Cost Nozzle No. 2) 


Nozzle 

Location 

Description 

Total Material Required 
(incl scrap factor)^ 

Total Cost 

Submerged OD Liner 

KF-418 Warp 670 lb at $1. 35/lb 

$ 905. 00 

Nose 

Liner 

KF-418 Warp 5, 918 lb at $1. 35/lb 

7,989. 00 

Inlet 

Liner 

LCCM-2626 3, 807 lb at $0. 75/lb 

2,855.00 


Backup 

KF-418 Warp 559 lb at $1. 35/lb 

755.00 

Throat 

Liner 

LCCM-2626 2, 578 lb at $0. 75/lb 

1, 934. 00 


Backup 

KF-418 Warp 615 lb at $1. 35/lb 

830.00 


Backup 

KF-418 Warp 1, 031 lb at $1. 35/lb 

1,392.00 

Fwd Exit 

Liner 

SP-8057 Warp 9„459 lb at $14. OO/lb 

132,426.00 


Backup 

KF-418 Warp 1, 318 lb at $1. 35/lb 

1,779.00 

Aft Exit 

Liner 

LCCM-4120 6, 917 lb at $0. 75/lb 

5,188.00 


Backup 

KF-418' Warp 3, 198 lb at $1. 35 /lb 

4, 317. 00 




$160,370. 00 


^Scrap factor is 30% for warp tape, 45% for bias tape, 5% for molding compounds 
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TABLE 77 


NOZZLE NO. 3 COST AND WEIGHT BREAKDOWN 


I. COST 

A. MATERIALS (Table 78) 

B. NOZZLE SHELL 

9,635 ib Net Machined Steel at $20. 00/lb 

C. LABOR 

30, 000 hr at $10. 00/hr 

D. FACILITIES 

Autoclave $1,000,000.00 

Tape Wrapper 275,000.00 

Total $1,275,000.00 

Amortized at 6 nozzles per year for 5 yr 

E. TOOLING AND HANDLING EQUIPMENT 

Tape Wrap Mandrels (4) $382, 353. 00 

Handling and Insp Equip 382, 353. 00 

Total $764,706.00 

Amortized at 6 nozzles per year for 5 yr 

F. BURDEN 

G. GRAND TOTAL 

n. WEIGHT 

A. STEEL STRUCTURE WEIGHT 

B. PLASTIC WEIGHT 

TOTAL NOZZLE WEIGHT 


$103, 635. 00 
$192,700.00 
$300,000.00 


$ 42,500.00 


$ 25,500.00 
$199, 300. 00 
$863, 635; 00 

9, 635 lb 
34, 369 lb 
44, 004 lb 
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TABLE 78 


Ni^A 260 IN. NOZZLE COST EFFECTIVENESS 
(Low Cost Nozzle No. 3) 


Nozzle 

Location 

Description 

Total Material Required 
(incl scrap factor)^ 

Total Cost 

Submerged OD Liner 

23-RPD Warp 865 lb at $4. 25/lb - 

$ 3,676.00 

Nose 

Liner 

FM-5272 Warp 4, 785 lb at $2. 00/lb 

9,570.00 

Inlet 

Liner 

SP-8030-96 Warp 4, 082 lb at $4. 90/lb 

20,002.00 


Backup 

KF-418 Warp 673 lb at $1. 35/lb 

909.00 

Tbroat 

Liner 

SP-8030-96 Bias 3,684 lb at $6. 90/lb 

25,420. 00 


Backup 

KF-^18 Warp 615 lb at $1. 35/lb ‘ 

830.00 


Backup 

KF-418 Warp l,.2i0 lb at $1. 85/lb 

1,634.00 

Fwd Exit 

Liner 

KF-418 Warp 16, 047 lb at $1. 35/lb 

21,700. 00 


Backup 

KF-418 1, 199 lb at $1. 35/ib 

1,619,00 

Aft Exit 

Liner 

FM-5272 Warp 3, 202 lb at $2..00/ib 

^ 6,404.00 


Backup 

KF-418 Warp 8,793 lb at $1. 35/lb 

11, 871. 00 




$103, 635. 00 


^Scrap factor is 30% for warp tape, 45% for bias tape 
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TABLE 79 


NOZZLE NO. 4 COST AND WEIGHT BREAKDOWN 


I. COST 

A. mTERIALS (Table 80) 

B. NOZZLE SHELL 

9,471 lb Net Machined Steel at $20. 00/lb 

C. LABOR 

30, 000 hr at $10. OO/hr 

D. FACILITIES 

Autoclave $1, 000, 000. 00 

Tape Wrapper 275, 000. 00 

Total $1,275,000.00 

Amortized at 6 nozzles per year for 5 yr 

. E. TOOLING AND HANDLING EQUIPMENT 

Tape Wrap Mandrels (4) $382, 353. 00 

Handling and Insp Equip 382,353. 00 

Total $764,706.00 

Amortized at 6 nozzles >per year for 5 yr 

F. BURDEN 

G. GRAND TOTAL 

n. ■ WEIGHT 

A. STRUCTURE STEEL WEIGHT 

B. PLASTIC WEIGHT 

TOTAL NOZZLE WEIGHT 


$ -351,653.00 
$ 189,420.00 

$ 300,000.00 


$ 42, 500. 00 


$ 25,600.00 

$ 272' 722. 00 

$1. 179,795.00 


9,471 lb 
25, 918 lb 
35, 389 lb 
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TABLE 80 


NASA 260 IN. NOZZLE COST EFFECTIVENESS 
(Low Cost Nozzle No. 4) 


Nozzle 

Location 

Description 

Total Material Required 
(incl scrap factor)^ 

Total Cost 

Submerged 

OD 

Liner 

MXA--6012 Warp 1, 056 lb at $1..85/lb 

$ 1, 954. 00 

Nose 

Liner 

SP-8057 Warp 3, 120 lb at $14. 00/lb 

43,680.00 

Inlet 

Liner 

SP-8057 Warp 2, 720 lb at $14..00/lb 

38,080.00 


Backup 

KF-418 Warp 1, 122 lb at $1. 35/lb 

1,515.00 

Throat 

Liner 

SP-8050 Bias 1, 937 lb at $19. 50/lb 

37,772.00 


Backup 

KF-418 Warp .615 lb at $1. 35/lb 

830. 00 


Backup 

KF-418 Warp 1, 615 lb at $1. 35/lb 

2, 180. 00 

Fwd Exit 

Liner 

SP-8050 Warp 9, 814 lb at $17. 50/lb 

171, 745. 00 


Backup 

KF-418- Warp 1, 099 lb at $1. 35/lb 

1,484.00 

Aft Exit 

Liner 

MXS-198 Warp 7, 922 lb at $6. 10/lb 

• 48,, 324. 00 


Backup 

KF-418 Warp 3, 029 lb at $1. 35 /lb 

4,089.00 


$351,653.00 


^ Scrap factor is 30% for warp tape, 45% for bias tape 
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